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Angiographic examinations of peripheral neoplasms, both in soft 
‘tissue and bone, have been increasingly performed in recent years. Most 
authors in this field consider that angiography gives valuable diagnostic 
information about the neoplasm, and that in many cases its malignancy 
may be established. Contrast filling of densely arranged, irregular vessels, 
generally distributed in the peripheral zones of the growth, and a shunting 
of contrast medium from arteries to veins through these vessels indicate 
malignancy (pos Santos, and others). Osteogenic sarcomas, according 
to reports in the literature, are markedly hypervascularized in most 
cases, and angiography in these instances can often provide valuable 
support to the diagnosis. Concerning other types of neoplasms, for 
example those originating from fibrous tissue, angiographic information 
is frequently less definitive. Thus some fibrosarcomas may appear 
to be highly hypervascularized and others poorly supplied with vessels. 
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This has been the experience of others, and is in accord with our own 
observations. 

The vessels of some malignant neoplasms decrease in number under 
the influence of irradiation (pos SANTos), and this may sometimes ex- 
plain why some sarcomas appear to be poorly supplied with vessels. 
Such an explanation, however, cannot be valid in all cases since we have 
seen some fibrosarcomas which had not received any previous irradiation 
and yet showed markedly few vessels. The vascularity of fibrosarcomas 
therefore seems to vary. The initial stimulus for the present work was 
an attempt to correlate the degree of vascularity of such peripheral 
neoplasms, as demonstrated by angiography, with other features and 
characteristics of the tumors. 


Historical. Attempts to correlate the vascularity of fibromas and fibro- 
sarcomas with their malignancy were made as early as 1912 by DiBBELT 
and have been renewed from time to time. This author found that in 
these tumors the differentiation of the neoplastic tissue and of the vessels 
is in the main parallel. Thus, undifferentiated tumors contain undiffer- 
entiated, ‘embryonic’, vessels, and highly differentiated fibromas have 
normally developed vessels with differentiated wall structures. 

Bropers, HARGRAVE and MEYERDING (1939) offered suggestions for 
the grading of fibrosarcomas. According to these authors sections from 
different parts of the same fibrosarcoma almost always show the same 
microscopic structure. “Considerable reliance can therefore be placed on 
microscopic sections, provided the tumor itself and not extraneous fibrous 
tissue is included. When there is much edema or myxomatous tissue, 
several sections from various parts of the tumor should be studied in 
order to include any very cellular areas which, if present, are indicative 
of the true nature of the growth.’ It should be pointed out, however, 
that although fibrosarcomas usually show a fairly uniform degree of 
malignancy throughout the entire growth a more malignant ‘focus’ may 
sometimes be seen in an otherwise well differentiated tumor (PAcK and 
ARIEL 1958). To ensure that a tumor is graded according to its least 
differentiated part several sections from different regions of the growth 
should be examined. Bropers et coll. divided their material into four 
groups based on the number of mitotic figures and giant tumor cells. 
Accordingly, Group I showed a minimum and Group 4 a maximum of 
mitoses and/or giant tumor cells. Furthermore, the tumors were grouped 
into three classes with regard to the relative proportion of fibrils and 
cells. These authors thus distinguished between fibrous, fibrocellular, and 
cellular types. “Cellular spindle-cell sarcomas are highly malignant, irre- 


spective of the number of mitotic figures, and should be classed as 
Grade 4. 
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The vascularity of the tumor tissue is not generally considered when 


the malignancy of fibrous tissue tumors is graded histologically. BURKE 


(1939), however, investigated 201 soft tissue sarcomas with reference to 
the presence of large and small spindle cells, round cells, and giant cells, 
mitotic figures, the character and amount of the stroma, and the vascu- 
larity of the tumor. On the basis of these data his material was divided 
nto four grades. The vascularization was apparently estimated only on 
the histologic sections and reported as increased in Grades 2 to 4. ALGIER 
ind CHALKLEY (1945) used a quantitative technique for the microscopic 
study of in vivo vascular reactions around transplanted mammary 
‘arcinomas in mice, the tissues being examined through a transparent 
‘hamber applied over the transplanted tumor. The vascular level was 
defined as the percentage of the volume measured that consisted of 
functional vessels. The value for the vascular level was obtained by a 
method of sampling based on geometric probability and performed by 
‘epeated random presentation of a point pattern to the structures 
measured and by counting the visual contacts (hits) that fell on vessels. 
The percentage of all possible hits that fell on vessels was taken as the 
measure of the vascular level in the tissue examined. 

BoHATYRTSCHUK in 1942 pointed out the possibility of studying 
tumors by means of a microangiographic technique. BELLMAN (1953) 
developed this technique, and we have used his methods. In the literature 
on angiography we have found reports on the vascularity of fibrous 
tissue tumors in the works of the following authors: Brac, CoLUMELLA & 
Muccut, Fonrarne et coll.,. Marcutis & Murpuy, Rapatortr & MAL- 
cHiobI, Surron, Trwistna, and VoGcLter & Dev. Of the 21 fibrous 
tissue neoplasms reported. 10 fibrosarcomas were highly, 4 moderately, 
and 3 poorly supplied with vessels. Four benign fibromatous tumors 
were all poorly supplied with vessels. 

LINDGREN made a histopathologic study of the blood vessels in 
different kinds of tumors using a blood corpuscle staining technique. 
In two ovarian fibromas he found that the fibrous tumor parts were 
poorer in blood vessels than the parts rich in cells. 


Material and Methods 


Angiography of peripheral tumors has been performed in our roentgen- 
diagnostic department since 1941, and the frequency of such examinations 
as increased in recent years. The material of tumor and/or tumor 
suspects submitted for such angiography now amounts to about 200 
‘ases. Only fibrous neoplasms in which histologic material was available 
ind which had received no previous radiation therapy are included in 
he present study. There were 9 such cases and these were investigated 
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in detail. Furthermore, a microscopic study alone was made of five 
fibrous neoplasms from the files of the Institute of Radiopathology. 
Thus the total material presented amounts to 14 tumors. The localization 
and probable tissue of origin of these tumors are recorded in the table 


below. 


Table 


Localization Grade of Vascularization 


malignancy Arteriography Microangio- 
graphy 


Histology 


Arteriography before amputation, microangiography and histology after operation 


1 Popliteal fossa and calf muscles, 


probably from fascia .......... 4 ++4+4 +++4 
2 Inside and around femur, peri- 

osteal or endosteal ............ 4 ++++ 
3 Lower arm, probably from tendon 

sheath or fascia .............. 3—4 

Less vascularized parts of same 

4 Soft parts of thigh, probably from 

fascia or nerve sheath ........ 3 


Arteriography before operation, histology after operation 
5 Popliteal fossa, from nerve sheath 


or tendon sheath ............. 3 +44 
6 Volar region of lower arm, around 

7 Thigh distally, at muscular at- 

8 Upper arm, in muscles around 

9 Calf muscles, probably from 


Only histology 
10 Soft parts of thigh, from fascia 3 


Recurrence of same tumor .. 1—2 
11 Lower arm, around deep volar 
12 Desmoid in abdominal wall, 
13 Popliteal fossa, from fascia.... 1 
14 Periosteum of mandible ....... 1 


+44+ 


+(+) 


++ + 
+ + 


+++ + 


The extremity in which the tumor was situated was amputated in 
four of the cases where angiography had been performed. Arteriography 
was then again performed on the amputation specimens with the following 


technique. 
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Immediately after the amputation, a solution of sodium citrate was 
injected into the main artery in order to prevent clot formation. Shortly 
afterwards, and never later than 2 hours after the operation, a thin 
barium suspension (Micropaque) was injected into the same artery. To 
begin with, the amputation wound was left open. and those vessels 
where contrast medium was seen to escape were ligated. When no more 
large ‘bleeding’ vessels were found, a tight bandage was applied over 
the amputation wound, and the injection of contrast material was con- 
tinued with a pressure not exceeding 200 mm Hg for a period of about 
20 minutes; at a higher injection pressure there is a risk of causing a 
rupture. 

Not only the arterial system including arterioles but sometimes 
capillaries as well were filled by this technique; in one case, in which 
the vessels of the tumor tissue were unusually wide, the contrast medium 
in a few areas passed over into veins. Following the injection of contrast 
medium the tumor was dissected out intact and fixed in formalin for 
a period of about 24 hours; when the superficial layers had become 
fixed, sections, 0.5 to 1 cm in thickness, were cut through the tumor. 
In one case of endosteal fibrosarcoma the sections were subsequently 
decalcified. Roentgenograms from non-screen film were made of these 
sections. Regions with different vascular patterns were selected from 
each tumor for comparative microangiographic and histopathologic ex- 
amination. A suitable thickness of the sections for microangiography 
was about 5 mm; with the use of extremely fine-grained emulsion and 
satisfactory beam geometry a resolution was obtained that permitted 
studies of vessels with calibres of down to 30 microns. 

The histologic sections had a thickness of 5 to 6 microns and were 
usually stained with haematoxylin-eosin and van Gieson’s stain. In sec- 
tions of the injected specimens the contrast material was seen in the 
vessels and had a whitish grey tinge which facilitated not only the 
identification of the vessels but also the estimation of the degree of 
vascularity in these tumors. The vessels were also examined in sections 
stained with resorcin-fuchsin for elastic fibres and Heidenhain’s iron- 
alum-haematoxylin in specimens which had not been injected; with the 
latter the red blood corpuscles were stained black. Most specimens, 
however, vary considerably in their vascular contents. The most reliable 
way therefore to identify blood vessels in the sections was to look for 
histologic wall structures and lumina as well as their content. 

CHALKLEY’s method was used for a quantitative estimation of the 
vascularity of the tumors. In the lowest differentiated part of each tumor 
(in one case in regions with different degree of differentiation) a point 
pattern was presented at random to the structures in thin sections of 
the tumor tissue. Points that fell on vessels were counted and the ratio 
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Fig. 1. Highly hypervascularized, 
poorly differentiated fibrosarcoma 
of thigh. a) Arteriography. Dense, 
irregular vessels in tumor. Com- 
mencing filling of femoral veins 
(arrows) already in arterial phase 
indicating shunt through tumor. 

b) Roentgenogram of 1 cm section 
after contrast injection into arteries 
of amputation specimen. High den- 
sity of vessels in tumor nodules 
compared with surrounding tissue. 


between vessels and other tissue components was thus obtained; 350 
points were counted in each field. Several estimations for each tumor 
were made if possible; the values varied slightly. 

Where pathologically dilated capillaries were seen in the sections 
their largest width was measured. It is quite likely that the width of 
these vessels was changed considerably by the preparation of the speci- 
mens, but since all specimens were prepared in approximately the same 
manner this did not prevent a comparison of the different tumors. 


Results 


Angiography. The degree of vascularity of the tumors was compared 
to that of the surrounding tissues. The presence of wide irregular patho- 
logic vessels in the tumor tissue and a shunting of the contrast medium 
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Fig. 2. Endosteal fibrosarcoma of femur with large 
extra-osseous part (+). Arteriography of ampu- 
tation specimen. Roentgenogram of section through 
tumor region after decalcification. Zone of in- 
creased vascularity surrounds tumor; peripheral 
parts of tumor within and outside bone densely 
vascularized. Centre of tumor mainly avascular, 
i. e. necrotic. A microangiogram from the region 
marked + is presented in fig. 5. 


through the tumor region were 
noted. Seven of the 9 tumors 
submitted to angiography had 
a more or less increased degree 
of vascularization (Fig. 1) while 
2 of these tumors did not contain 
more vessels than the surround- 
ing tissue (see the Table). Eight 
tumors were situated in the soft 
parts, 3 in arms, and 5 in legs. 
The 9th tumor was for the most 
part endosteal and located in the 
distal metaphysis of a femur 
(Fig. 2). 

The hypervascularized  tu- 
mors could all be well demar- 
cated from the surrounding tis- 
sues in the angiogram. Their 
form and size varied consider- 
ably, and the maximum dimen- 
sions of the tumors ranged from 
3 to 15 cm. Several different 
types were identified. In 2 of the 
nine tumors, dense _ irregular 
vessels were present throughout 
the entire neoplastic tissue. The 
veins running from the tumor 
were rapidly filled with contrast 
material (Fig. 1). Two of the 
large tumors had a dense concen- 
tration of irregular vessels in the 
peripheral zone whereas the cen- 
ter of the tumor was almost 
avascular (Fig. 2). Even in these 
last-mentioned cases there was a 
rapid passage of contrast medi- 
um to the venous side, but not, 
however, quite as rapid as that 
noted in the two first cases in 


which tumor vessels were evident throughout the whole tumor tissue. 

Two of the tumors situated on the distal volar aspect of the lower 
arm were markedly non-homogeneous as regards their vascularity. There 
were regions, poorly supplied with vessels, where the degree of vascularity 
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Fig. 3. Microangiography of three different highly malignant fibrosarcomas. 5 x. a) Pathologic 
tumor vessels of irregular calibre. b) Tumor nodule from same case as in fig. 1. Fan-like arrangement 
and marked irregularity of calibre of vessels. c) Dense vessels of different sizes run in all directions, 
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Fig. 4. Microangiography of non-homogeneous fibrosarcoma of lower arm. 6 x. a) Margin between 
tumor and surrounding tissue marked by arrows (+). Above these, numerous dilated vessels of fairly 
uniform direction and some showing the wavy appearance of collaterals are present in muscle and 
fibrous tissues surrounding the tumor. The two left-pointing arrows indicate highly vascular and 
malignant part of tumor. Less vascular tissue of lower malignancy surrounds this nodule (cf. fig. 7). 
The two lower arrows pointing upwards indicate normal artery, enclosed and preserved in the low- 
malignant tumor tissue. b) Another highly malignant part of same tumor. The vessels are, however, 
not so dense and irregular as in the still more malignant tumors in fig. 3. 
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was no greater than in the surrounding tissues, and other regions where 
tumor lobules up to 3 cm width contained a high density of irregular 
vessels; in these hypervascularized regions the contrast medium was 
shunted rapidly to the veins. The 7th tumor occupied the greater part 
of the calf. In this case the tumor tissue had an increased opacity during 
the passage of the contrast medium, and there was an obvious although 
not a great degree of shunting through the tumor. No irregular wide 
pathologic vessels could be seen in this case. 


Microangiography. Three of the 4 cases submitted to microangio- 
graphy were, in conformity with the findings at arteriography, amply 
supplied with vessels (see Table). The vessels in the tissues surrounding 
these highly vascular tumors were dilated, and some had a tortuous 
appearance similar to collaterals. However, the degree of vascularity 
within the tumors was considerably greater, and in the microangiogram 
in these cases the tumor tissue was clearly demarcated from the sur- 
rounding tissues (Fig. 2). The vessels within the tumors had irregular 
courses in different directions, while in the surrounding tissues the direc- 
tion of the vessels was more uniform. In the microangiograms vascular 
lumina occupied a considerably larger part of the surface within the 
tumor than without. Dense concentrations of vessels of a calibre from 
0.3 mm down to the width of a capillary were present in the most highly 
vascularized tumors (Fig. 3); in some tumor regions there was a dense 
formation of vascular ramifications producing a brush- or fan-shaped 
pattern (Fig. 3b). Abrupt changes in calibre were often observed in 
the tumors. In one of these highly vascularized tumors, the endosteal 
tumor, the richly vascularized region was situated in the periphery of 
the growth, while deeper down in the tumor tissue vessels were more 
sparse; no vessels at all were seen in the center (Fig. 2). 

The 4th tumor was less vascularized than the others, and 3 different 
vascular patterns could be distinguished (see Table). There was an 
increased number of dilated, often parallel, vessels running in one or a 
few main directions in the fibrous tissue around the tumor, each vessel 
having a fairly uniform calibre. Within the growth, in conformity with 
the findings at arteriography, there were regions with dense concen- 
trations of irregular vessels, considerably more plentiful than in the 
surrounding tissues, and other areas with the same or less concentration 
of vessels as in the surrounding tissues. 

A comparison between this partially poorly vascularized tumor and 
the 3 highly vascularized ones showed that the vessels in the poorly 
supplied tumor differed less from those of the surrounding tissues and 
sometimes could be followed deeply into the tumor tissue (Fig. 4a). There 
were no changes of calibre or any markedly dilated vessels, and the 
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Fig. 5. Microangiogram of the endosteal fibrosarcoma seen in fig. 2. Border- 

line between tumor and surrounding tissue marked with dark rectangles. 

Above, hypervascularized zone surrounds tumor. Normal vessels only 

exceptionally penetrate a short distance of tumor tissue (arrow). They are 
soon destroyed by tumor. 8 x. 


Fig. 6. Photomicrograph. Fibrosarcoma, grade 4. Contrast-filled pathologic blood vessels with thin 
walls and of irregular width and branching. a) Inner diameter of vessels 100 to 180 microns. 200 x. 
b) Detail of (a). Walls of tumor vessels consist of hardly more than a layer of endothelium. 400 x. 
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direction of the vessels was not as varied (cf. Figs. 4b and 3). In the 
highly vascularized endosteal fibrosarcoma the boundary between the 
tumor and the surrounding tissues was distinctly seen, and some minute, 
fairly straight. arterial branches of even width could be followed for a 
millimetre into the tumor tissue (Fig. 5). All vessels were irregular 
further away from the tumor margin. 


Histopathology. The degrees both of vascularity and malignancy varied 
a great deal in the 14 tumors investigated histologically. The 2 tumors 
showing the highest degree of malignancy (Grade 4) also had the highest 
degree of vascularity (Fig. 6). Six tumors of low malignancy (Grades 1 
and 2) had a low degree of vascularity. The most malignant tumors 
had approximately 10 times as high a degree of vascularity as the most 
benign ones. In a middle group of 3 cases with Grades 2 and 3 of ma- | 
lignancy, the values of the degree of vascularity lay between the extreme q 
values but varied considerably. 

The histologic assessment of the vessels showed close agreement with 
the findings at microangiography in the tumor in which regions of dif- 
ferent vascular density could be seen at microangiography: the degree 
of malignancy was constantly higher in the highly vascularized regions 
than in regions poorly supplied with vessels (Fig. 7). 

One of the tumors not submitted to angiography, a Grade 3 ma- 
lignant lesion, showed a considerably higher degree of vascularity than 
a recurrence of lower malignancy. A large low-grade malignant fibro- 
sarcoma in the calf (see Table) differed in its angiographic appearance. 
The degree of vascularity was higher than that of other tumors of the 
same histologic malignancy. No wide vessels were evident in this tumor, 
and it contained an increased number of normal capillaries and _pre- 
capillaries. 

Examples of different degrees of malignancy are shown in Fig. 8. 

Obviously pathologic vessels, 7. e. vessels with a width many times 
greater than that which would correspond to their wall structures were 
seen in the low differentiated, highly vascularized tumors. These vessels 
could be identified neither as veins nor as arteries, and were commonly 
dilated into bag-shaped contours, the thin walls sometimes consisting 
only of endothelium possibly with isolated fibroblasts. Such vessels some- 
times attained a width of 600 microns, the wall being no more differ- 
entiated than that of a capillary (Fig. 6). 

Small normal arteries could sometimes be observed some millimetres 
within the tumor tissue in the low differentiated tumors, a finding in 
_ conformity with that at microangiography; but at a greater depth in 
x, the tumor tissue, only thin-walled pathologic vessels were evident. The 
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Fig. 7. Photomicrographs. Fibrosarcoma with varying degrees of differentiation. a) Poorly differentiated 

highly cellular region with several contrast-filled tumor vessels. 200 x. b) Detail of (a). Irregularity 

of size of nuclei. Fibrillary stroma. 400 x. ¢) Less cellular parts of same tumor as in (a) and (b). More 

fibrillary stroma. Only sparse contrast-filled blood vessels. 200 x. d) Detail of (c). Stroma dominating 
with many fibrils. Nuclei only slightly irregular; a few giant nuclei present. 400 x. 


avascular regions noted at angiography and microangiography in the 
central parts of the tumors corresponded in the histologic sections to 
areas of necrosis. 
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Fig. 8. Llustration of grades 1 to 4 of malignancy. 400 x.a) Grade 1. Highly fibrillary stroma with 

sparse, only slightly irregular nuclei. b) Grade 2. Fibrocellular tumor with moderate irregularity of 

nuclei. Stroma rich in fibrils. c) Grade 3. Fibrocellular tumor with great irregularity of nuclei. Stroma 

moderately rich in fibrils. d) Grade 4. Cellular tumor with high degree of irregularity of nuclei and 
many mitoses. Stroma sparse in fibrils. 


7 The degree of shunt through the tumors found at angiography corre- 
to sponded mostly to the degree of vascularity demonstrated at histologic 
examination. In Case 6 of the Table the degree of vascularity in the 
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histologic sections was strikingly low in comparison with the angiographic 
finding, probably due to the fact that the biopsy specimen was taken 
from a part of the tumor which was poorly supplied with vessels. 


Discussion 


In those tumors in which an accurate appraisement of the vessels 
could be made with arteriography, microangiography, and histopathologic 
examination, these different methods showed good agreement not only 
when different tumors but also when separate regions of the same tumor 
were compared. In 2 cases (Cases 5 and 6 in the Table), in which a rela- 
tively high degree of malignancy was found in the histologic sections, 
and hypervascularization was seen at arteriography, the histologic esti- 
mation of the degree of vascularity disclosed somewhat lower values 
than expected. Only small biopsy specimens were available in these two 
cases, however, and it is probable that these were not taken from typical 
parts of the tumor. On the whole, however, there was good agreement 
between angiographically demonstrated hypervascularization and a high 
degree of malignancy. 

All tumors showing a high degree of malignancy were thus markedly 
hypervascularized. One tumor of the lowest degree of malignancy (Case 9 
in the Table), was much more richly supplied with vessels than any of 
the other tumors of the same malignancy, both at arteriography and 
histologic examination; it was not, however, of such a degree of vascu- 
larity as the tumors of high malignancy. 

Tumors of low malignancy often have a low and probably never a 
high degree of vascularity but in isolated cases a tumor of low malignancy 
may be moderately well supplied with vessels. It therefore seems that 
the degree of vascularity of a tumor is not only correlated with the 
degree of differentiation but also with some other property of the tumor. 
We have seen only one such tumor of low malignancy with moderately 
increased vascularity and have therefore not been able to study this 
‘unknown’ factor. The possibility that the degree of vascularity of the 
‘mother’ tissue of the tumor may influence that of the tumor itself has 
been considered, but no obvious criteria for this have been found in 
the present material. Among the tumors of low malignancy with probable 
origin from the same type of mother tissue, 7. e. fascia, the degree of 
vascularity varies within certain limits. 

The microangiographic and histopathologic findings indicate that 
tumors of high malignancy destroy the arteries running into the tumor 
tissue so that by degrees the tumor itself cuts off its own blood supply 
and undergoes necrosis except in a peripheral zone where the arteries 
maintain their integrity. 
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The degree of shunt through a tumor could be correlated with the 
degree of vascularity, and this in turn with the degree of malignancy 
in the present material. A marked shunt through a tumor thus probably 
indicates a high degree of malignancy. An obvious but not high degree 
of shunt, however. was demonstrated in the tumor of low malignancy 
which showed a moderately increased number of ordinary capillaries. 
The living neoplastic tissue in this case had a considerably greater volume 
than in any of the other more malignant and rapidly necrosing tumors. 
The shunting effect of the tumor was therefore relatively great in spite 
of its only moderately increased degree of vascularity. It is therefore 
necessary to demonstrate not only a high degree of shunt but also 
pathologic vessels within the tumor for the angiographic diagnosis of 
malignancy. When the shunt is only moderate and the tumor is large, 
the malignancy may be low. 


Conclusions 


A fibrosarcoma may sometimes be non-homogeneous as regards vascu- 
larization and those parts of the tumor showing the highest degree of 
vascularity are then the most malignant. From a therapeutic standpoint 
the tumor should be judged from its most malignant part and a biopsy 
specimen taken from the region showing the highest level of vasculari- 
zation. Localisation of that region can be demonstrated at arteriography, 
and one of the indications for arteriography of tumors is to indicate to 
the surgeon the most appropriate site for biopsy. 

The degrees of hypervascularization and malignancy in a fibrous 
neoplasm show good correlation. A tumor of high malignancy is probably 
always richly supplied with vessels unless it has been irradiated. A tumor 
of low malignancy need not be more vascularized than the surrounding 
normal tissues. A locally malignant fibrous neoplasm (fibrosarcoma of 
low degree of malignancy) may be considerably more vascularized than 
the surrounding tissues and a large tumor of this type may have a certain 
shunting effect which can be demonstrated angiographically. 


SUMMARY 


The blood vessels of fibrosarcomas were studied with histopathologic, microangio- 
graphic, and angiographic techniques. The degree of vascularity of these tumors correlates 
well with their degree of malignancy. 
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ZUSAMMENFASSUNG 


Die Blutgefiisse von Fibrosarkomen sind pathologisch-anatomisch, mikro-angio- 
graphisch und angiographisch studiert worden. Der Vaskularisationsgrad dieser Tumoren 
stimmt mit ihrem Malignitatsgrad gut iiberein. 


RESUME 


Les auteurs ont étudié les vaisseaux sanguins de fibrosarcomes par des techniques 
histo-pathologiques, micro-angiographiques et angiographiques. Le degré de vascularité 
de ces tumeurs concorde bien avec leur degré de malignité. 
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ROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROF. ERIK LINDGREN), SERAFIMER- 
LASARETTET, STOCKHOLM, SWEDEN 


ENCEPHALOGRAPHY IN THE ARNOLD-CHIARI 
MALFORMATION 


by 


Bengt Liliequist 


Lumbar encephalography is in many respects superior to ventriculo- 
graphy for examination purposes. One of the most important of its ad- 
vantages is that by making the subarachnoid cisterns accessible for study 
it has greatly increased the possibilities for diagnosing extracerebral 
expansive processes. The subarachnoid spaces around the upper portion 
of the medulla spinalis, from the level of the arch of the atlas to the 
foramen magnum, must also be regarded as belonging to the subarachnoid 
cisterns, a necessity which has received little attention in the literature 
despite the fact that encephalographically demonstrable changes in these 
subarachnoid pathways are not uncommon. 

Danpy pointed out in 1919 that the subarachnoid spaces in the cer- 
vical portion of the spine could be studied after the injection of small 
quantities of air into the lumbar region. LINDGREN, in 1939, described a 
technique by which the spinal subarachnoid pathways could be completely 
filled with air right up as far as the foramen magnum. In 1942 Lowman & 
FINKELSTEIN examined the cervical cord by air myelography, and they 
described the normal appearance of these subarachnoid spaces, pointing 
oit that the cisterna magna extends below the foramen magnum. In 
1949, Marks & LivINGsTONE reported 2 cases, and Swanson & FINCHER 
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1 case, of the Arnold-Chiari deformity which had been studied by lumba: 
encephalography. The former investigators observed that in both o 
their cases the tonsils were displaced downwards and surrounded by air 
These changes are difficult to distinguish in the published reproductions 
mainly perhaps because the views of the cervical subarachnoid space 
were taken in oblique projections instead of the more commonly used 
and more practical, true lateral views. SwANson & FincHER demon 
strated in a case examined by lumbar encephalography that the greate 
part of the air remained at the level of the second cervical vertebra an 
that only a small amount passed into the cranium. At a later date, in 
two articles in 1953 and 1956, VEeRBrEsT described the roentgenologi: 
changes in cases of Arnold-Chiari’s malformation examined by ventric 
ulography and somersault in accordance with the ZieDSES DES PLANTE.. 
procedure. Jrrout described another case examined by an encephalo 
graphic method modified by himself. The other cases of Arnold-Chiari ; 
deformity reported in the literature were examined either by ventric- 
ulography or by myelography with oily contrast mediums. For reason; 
outside the scope of this paper the latter method is not used in the Roent- 
gen Department of Serafimerlasarettet and will not be discussed here. 
In 1984 Dyke & Davinorr described the encephalographic appear- 
ances in herniated cerebellar tonsils. Although the possibility of demon- 
strating prolapsed tonsils has been mentioned and illustrated by various 
authors (DaAviporr & Epstein, LiInDGREN, RoBEeRtTson, RUGGIERO. 


GARDNER & Nosik) no systematic descriptions of this condition are to | 


be found in the roentgenologic literature. 

The subarachnoid space immediately below the foramen magnum can 
be readily investigated if the examination is carried out in the manner 
described by LinpGREN. The air injected by means of the lumbar route 
travels through the subarachnoid pathways in the cervical region an< 
thence into the intracranial subarachnoid spaces and the ventricular 
system. If the patient is placed with the head flexed forward, and if the 
cassette with its roentgen film is at a sufficiently low level for the neck 
to be included in the film a good idea may be formed of the anatomy 
of the subarachnoid spaces below the foramen magnum. ROBERTSON 
demonstrated earlier that air injected via the lumbar region passes 
mainly through the subarachnoid space dorsal to the medulla spinalis 
and thence travels to the cisterna magna. If enough air is injected to fi'l 
the whole cisterna magna it will not only pass up into the fourth ventricle 
but will also fill the subarachnoid spaces dorsal to the medulla spinalis 
below the foramen magnum. 

The upper portion of the cervical subarachnoid space should always 
be included in the encephalographic examination, as experience has 


shown that lesions present in the foramen magnum have not always bee | 
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Fig. 1. Extracranial portion of cisterna magna. Fig. 2. Normal cisterns. The tonsils bulge 
Medulla spinalis bends off anteriorly in a gentle into the cisterna magna (arrows). 
curve (arrows). 


foreseen in advance. If changes in this region are suspected the examina- 
tion may be suitably begun by placing the head of the patient at a sharper 
angle of forward flexion than usual], in order that the air may be arrested 
in the cervical subarachnoid space. This measure has recently been de- 
scribed by Jirout (1958). RuGGrERO also stressed that the position of 
the neck is of significance for a good filling of the subarachnoid path- 
ways in the cervical region. It is important that the films should be taken 
with the central ray directed on the first cervical vertebra and that the 
exposure time should be shorter than usual in order to obtain a distinct 
view of the air and the medulla spinalis. The head of the patient may 
then be manipulated so that the air is guided to the ventricular system, 
and the examination is continued in the customary manner. 

VERBIEST (1956) stated that in cases of Arnold-Chiari malformation 
ventriculography according to the method described by ZiEDSES DES 
PLANTES is the best way of studying the fourth ventricle and the subarach- 
noid spaces below the foramen magnum. According to our experience 
entriculography is not a satisfactory method for the examination of 
hese pathways. Not only does it entail a more extensive intervention 
ut it also involves greater risks for the patient than lumbar encephalo- 
raphy. It is much more difficult to fill the fourth ventricle with air from 
he third ventricle, when there is no barrier to the passage of the air in 
he lower portion of the fourth ventricle or below it, than when such an 
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obstruction is present, as is often the case in expansive processes in the 
posterior cranial fossa. VERBIEST obtained air-filling of the fourth ven- 
tricle in 3 out of the 7 cases of Arnold-Chiari deformity which he examined 
with this method. In one other case he observed air in the foramen of 
Magendie, which was located below the foramen magnum. If the passage 
through the fourth ventricle or the foramen magnum is blocked, the air 
cannot pass into the cervical subarachnoid pathways, and the herniated 
or elongated tonsils will not be demonstrated. In those cases in which 
the malformation also includes downward extension of the fourth ven- 
tricle (OGRYzLov’s Group 2, cf. p. 23) this condition can naturally be 
demonstrated by ventriculography, since it is as a rule possible to fill 
the fourth ventricle with air without difficulty with this method when an 
obstacle is present below the ventricle. If, on the other hand, the fourth 
ventricle is in its normal position. i. e. if the malformation belongs to 
OGRyYZLOV’s Group 1, a diagnosis of Arnold-Chiari’s deformity cannot be 
made with this method. Hence it is better to demonstrate the deformed 
tonsils direct than to be compelled to draw this conclusion from the 
position of the fourth ventricle. 

It may be observed in the roentgen films that the anterior border of 
the extracranial part of the cisterna magna is formed by the medulla 
spinalis, which curves off evenly in a forward direction at the level of 
the arch of the atlas (Fig. 1). Between this arch and the posterior margin 
of the foramen magnum the cisterna is bounded by the arachnoid, which 
at this site often bulges in a slightly backward direction. The distance 
between the posterior surface of the medulla spinalis and the posterior 
margin of the subarachnoid space increases cranially. being at its greatest 
at the level of the foramen magnum. 

The path followed by the air in its passage up into the cisterna magna 
may be studied kinematographically. As the air gradually fills out the 
subarachnoid space below the foramen magnum the medulla spinalis is 
seen to move forward. The interpretation of this must be that this part 
of the medulla is floating in cerebrospinal fluid and that it sinks forward 
when the fluid is replaced by air. As a result of this. the subarachnoid 
spaces behind the medulla spinalis open up and give free access to the 
foramen magnum and cisterna magna; the foramen of Magendie also 
probably moves into a more advantageous position for the passage of the 
air into the fourth ventricle. This may partially explain, in some cases, 
why the air does not pass into the fourth ventricle when expansive 
processes are present in the foramen magnum. 

In order that the roentgenographic changes in the Arnold-Chiari de- 
formity may be fully understood, it is necessary to describe briefly the 
normal appearance of the tonsils, vallecula, and foramen of Magendie. 
Normally, the inferior poles of the tonsils are located slightly above the 
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Fig. 3. Autotomography by a modi- 

fied ZiepSES DES PLaNTES method. 

Normal cisterns. The aqueduct, fourth 

ventricle, and foramen of Magendie 
are distinctly outlined. 


oramen magnum in the cisterna magna (Fig. 2). They are distinguishable 
.s a rounded mass of soft tissue bulging from the front and from above 
into the cistern. The vallecula consists of a narrow continuation of the 
cisterna magna in the median line; it runs forwards and upwards between 
the medial surfaces of the tonsils and anteriorly continues as the foramen 
if Magendie which, anatomically speaking, is a narrow canal leading into 
the fourth ventricle. Although filled with air. these structures are often 
(ifficult to distinguish with certainty in ordinary lateral views owing to 
the fact that the cellular system in the mastoids, as well as surrounding 
bone, are superimposed. To reproduce them clearly it is generally nec- 
essary to use tomography. preferably according to the method first 
described by ZIEDSES DES PLANTES. This procedure is based on the prin- 
ciple that during the exposure of the films the patient turns his head 
from side to side on an axis passing approximately through the fourth 
ventricle. The ventricle as well as the foramen of Magendie will then 
be sharply outlined on the film and the foramen of Magendie appears as a 
narrow strip of air, one centimeter long. connecting the fourth ventricle 
with the cisterna magna (Fig. 3). 

The subarachnoid spaces in front of the medulla spinalis are diffi- 
‘ult to examine by lumbar encephalography. as most of the air passes 
lorsal to the medulla. However. these pathways also will be filled if 
arge amounts of air are injected. Jrrout has described a procedure for 
he examination of this part of the cervical subarachnoid space. This 
nethod is largely the same as that which has been in use for many years 
a the Roentgen Department at Serafimerlasarettet in combination with 
xygen myelography after suboccipital puncture. In those cases in which 
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a barrier prevents the passage of the air through the foramen magnum, 
however, a large quantity of air often collects in. front of the medulla 
spinalis and this portion of the subarachnoid space can thus be examined 
without any extraordinary measures. 

The most common cause of changes in the subarachnoid spaces in 
and immediately below the foramen magnum is downward displacement 
of the tonsils. The latter structures may also be situated below the 
foramen magnum for reasons other than increased intracranial pressure. 
A malformation of the cerebellum and tonsils was described by ARNOLD 
in 1894 and by CurAri in 1895. These structures were elongated and 
projected through the foramen magnum to such a degree that their 
inferior poles were located as far down as, and in some cases even below 
the second cervical vertebra. This syndrome includes deformation of the 
pons and medulla oblongata as well as of the fourth ventricle, which may 
also be elongated and protrude through the foramen magnum. As a 
result of this displacement. as CH1ARI pointed out, the medulla spinalis 
immediately below the foramen magnum may curve backwards in an 
S-shaped arch, its posterior area describing a local bulge in a backward 
direction into the subarachnoid space. The Arnold-Chiari deformity is 
often combined with hydrocephalus, various forms of spina bifida, and 
abnormalities, usually in the form of platybasia. in neighbouring bones. 

OGRyYZzLOV classified the changes occurring in the Arnold-Chiari mal- 
formation into three grades: 


I. In the mildest form, the tonsils and medial parts of the inferior 
lobes of the cerebellum are elongated as a tonguelike process which enve- 
lops the posterior area of the upper portion of the medulla spinalis. The 
brain stem may be elongated but the fourth ventricle does not extend 
below the foramen magnum. 


II. In more severe forms, parts of the cerebellum are displaced down- 
wards into the upper portion of the spinal canal. which then also contains 
the lower part of the elongated fourth ventricle. The whole brain stem 
is abnormally long and the openings of the fourth ventricle lie below the 
foramen magnum. 


III. The deformity may also be combined with a cervical spina bifida 
and a meningocele containing the entire cerebellum. 


Herniated tonsils 


Expanding intracranial lesions, especially those situated in the pos- 
terior cranial fossa, cause herniation of the brain tissue through the 
foramen magnum as a result of the increased intracranial pressure. The 


3 
] 
‘a 
| 


1e 
1e 


ENCEPHALOGRAPHY IN THE ARNOLD-CHIARI MALFORMATION 23 


Vig. 4. Herniated tonsils in three cases of posterior fossa tumour. a) The tonsils completely fill the 


subarachnoid space behind the medulla spinalis, preventing upward passage of the air. b) Posteriorly, 


ihe tonsils are partially encircled by air. c) A narrow strip of air is visible anterior to the tonsils. Posteri- 
orly, the subarachnoid space is completely filled by these structures. 


protruding brain tissue consists in these cases of one or both of the tonsils. 
vhich may extend downwards for a distance varying from a couple of 
millimeters to the level of the third cervical vertebra. 

If the tonsils are markedly displaced, they usually fill the foramen 
magnum completely, with the result that air cannot pass up into the 
ranial subarachnoid pathways but collects instead below the herniated 
structures. If, on the other hand, the tonsils are moderately or only 
lightly prolapsed, the air will travel past them and into the cisterna 
nagna, although filling of the ventricular system does not always take 
lace. In these cases the displaced structures have not entirely filled out 
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the cisterna magna but have left a slit of greater or lesser width between 
the tonsils and the rim of the foramen magnum. 

The following report is based on a study of 40 cases with expansive 
processes mainly situated below the tentorium, as well as prolapsed ton- 
sils. 

Air travelled up through the foramen magnum in all the 40 cases, 
and in 7 it passed into the ventricular system. According to a subsequent 
ventriculography the ventricles were found to be dilated in 24 instances. In 
8 cases, the inferior poles of the tonsils were located below the arch of 
the atlas, and in 22 at the level of or immediately above it; in the re- 
maining 10 cases they were located immediately below the foramen 
magnum. A conventional lumbar encephalography had been performed 
as the first procedure in every instance. 

The herniated tonsils appeared in the roentgen views as a rounded, 
soft tissue structure behind and at the side of the medulla spinalis below 
the foramen magnum (Fig. 4). The further down the tonsils extended the 
more pointed was the appearance of the inferior poles, and conversely. 
the lesser the degree of downward displacement the rounder and broader 
was the outline of the tonsils. The injected air remained as a rule below 
the inferior poles of the tonsils but in some instances it enveloped their 
posterior surface, which could then be followed up through the foramen 
magnum. Air is sometimes visible as a thin strip in front of the tonsils 
also. This was observed in 5 cases in this material. In one of them (Fig. 
4c), a considerable quantity of air was seen as a straight strip in front 
of the tonsils, in the same way as may be observed in the Arnold-Chiari 
malformation. The tonsils were round and broad. however. and filled the 
whole subarachnoid space posteriorly. In this case also, changes in the 
cisterns in the posterior cranial fossa due to an expansive process were 
distinguishable. In all the cases, herniation of the tonsils was visible in 
the first roentgen view taken. When the tonsils are seen to be located 
below the foramen magnum in the very first view, taken after air has 
been injected but before cerebrospinal fluid has been withdrawn, the down- 
ward displacement cannot have taken place during the course of the ex- 
amination. 

A less well known fact is that air injected subdurally may cause her- 
nial protrusion of the tonsils through the foramen magnum. At Serafimer- 
lasarettet we have observed in one case a protrusion of the tonsils below 
the foramen magnum after a fairly large quantity of air had been ac- 
cidentally injected subdurally so that it filled the subdural space below 
the tentorium. No intracranial expansive process could, however. be seen. 
and there was no herniation of the tonsils in the first roentgen view taken 
before any air had been injected into the subdural space. Similar obser- 
vations have been made in the intracranial subarachnoid spaces. in which 
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t has been noted that the roof of one lateral ventricle may be pressed 
lownward by subdural air over the hemisphere of the same side. We have 
ilso been able to observe how subdural air below the tentorium may de- 
‘orm the cisterna pontis by pressing the cerebellum and pons against the 
‘livus. Even surprisingly small quantities of air may cause these displace- 
nents. 


The Arnold-Chiari malformation 


The elongated tonsils occurring in the Arnold-Chiari deformity are 
ometimes difficult to distinguish from herniated tonsils. In this Roentgen 
Jepartment, we have studied 16 cases of the Arnold-Chiari deformity, 
» of which were surgically confirmed. Thirteen were women and 3 men. 
(he ages varied from 4 months to 45 years. Only 2 of the patients were 
inder 15 years. 

The tonsils were located below the foramen magnum in all the 16 
ases. Contrary to herniated tonsils, which are usually rounded and bulge 
nto the subarachnoid spaces, the tonsils in Arnold-Chiari’s malformation 
ire narrow and elongated soft tissue structures which cover and envelop 
he posterior area of the medulla spinalis (Fig. 5). They are pointed, and 
ire often characteristically triangular in shape. Hence they do not take 
up much room in the subarachnoid spaces behind the medulla spinalis. 
in none of our cases did they completely block the passage of the air 
nto the intracranial subarachnoid pathways. In 4 cases the air passed up 
into the ventricular system, which was not distended. The prolonged ton- 
sils sometimes extend downwards for a fair distance into the cervical 
region: in the present material their inferior poles were located at a con- 
siderable distance below the arch of the atlas in 10 cases, at the level of 
the arch in 5 cases. and immediately below the foramen magnum in 1 case. 
ven when moderately prolonged they are usually narrower and more 
pointed than herniated tonsils. Owing to the fact that the elongated ton- 
sils le so closely pressed against the medulla spinalis it is sometimes 
difficult to distinguish them from an intramedullary expansive process 
in the roentgen film, unless the air can pass up between the tonsils and 
the surface of the medulla spinalis, or penetrate into the foramen of 
\lagendie. The lower portion of this foramen is then seen as a straight 
-trip of air anterior to the deformed tonsils. Thus the position of the 
‘oramen of Magendie can be seen even if there is no air in the fourth 
‘entricle. 

If the fourth ventricle is normally situated, as in one of the cases in 
‘uls material, it may be impossible roentgenologically to distinguish an 
‘\tramedullary tumour from an Arnold-Chiari malformation, if no air 
asses up between the tonsils and the medulla. In the case in question, 
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Fig. 5. Two cases of Arnold-Chiari malformation. a) The tonsils are pointed and triangular in shape. 

b) Anterior to the tonsils a strip of air is visible. Medulla spinalis displaced, bulging posteriorly below 

the tonsils. c) Same case as in (b). The tonsils are pointed and triangular and now completely enveloped 
by air. 


the deformed tonsils lay below the arch of the atlas and had a rounded 
appearance (Fig. 6). The aperture of the foramen of Magendie did not 
lie below the foramen magnum and no air was visible between the 
tonsils and the medulla spinalis. Hence the tonsils and medulla, viewed 
together, gave the impression of being a swelling of the medulla spinalis 
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Fig. 6. Arnold-Chiari malformation confirmed at operation. a) The tonsils 

are rounded, and no air is present anteriorly. b) Another case with a small 

amount of air anterior to the tonsils. Below these structures, medulla 
spinalis shows a marked posterior bulge. 


end the condition was consequently interpreted as an intramedul- 
lary expansive process. At operation, a deformed tonsil which had pro- 
cuced a depression in the medulla spinalis and had caused a local bulge 
posteriorly below the tonsil was found. A deformation of the medulla 
spinalis of this type was described by Cutari as a part-phenomenon due 
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to prolongation and malformation of the medulla oblongata. A similar 
deformity, although less marked. was present in 3 other cases. The same 
deformation may be seen in a view published by Jrrourt. In one of om 
cases there was a marked deformity in the posterior cranial fossa with a 
large cisterna magna extending up as far as the tentorium, as well as 
large, cyst-like cerebrospinal fluid spaces laterally below the tentorium 
which became filled with air at the encephalographic examination. 

The fact that the fourth ventricle is also deformed in many cases is 
a proof that the changes are more extensive than mere malformation and 
elongation of the tonsils. The ventricle is then usually located much 
further down in the posterior cranial fossa and the foramen of Magendie may 
lie between the prolonged tonsils below the foramen magnum. The foramen 
of Magendie appears in the roentgen film as a narrow air-filled canal with 
its opening at the inferior pole of the tonsils. VerBrEst demonstrated 
this feature in 5 of his 7 cases. one of which was examined with Lipiodol 
administered intraventricularly and the other 4 by the ventriculographic 
procedure recommended by ZIEDSES DES PLANTEs. The fourth ventricle 
was filled in 3 cases in the present material; in none of them was there 
any definite change in its position or shape. In another case. in which 
the patient was only 3 months old, ventriculography had been performed 
in order to make sure that there was no stenosis of the aqueduct. as no 
air had passed up into the ventricular system at lumbar encephalo- 
graphy. ‘The tonsils were markedly elongated and lay closely pressed 
against the medulla spinalis. At the ventriculographic examination the 
fourth ventricle filled and was seen to be prolonged to such a degree that 
the foramen of Magendie lay below the foramen magnum (Fig. 7). Above 
the fentorium there was marked hydrocephalus but no stenosis of the 
aqueduct. 

In 9 cases air was visible as a straight strip running in front of the 
tonsils and passing up towards the foramen magnum. this being a sign 
that the foramen of Magendie was located below the foramen magnum. 
In those cases in which the foramen of Magendie was not filled with air 
it was difficult to distinguish the elongated tonsils from an expansive 
process in the medulla spinalis. probably owing partly to the fact that 
the tonsils are pressed against the medulla spinalis and also that. as is 
well known from operations and autopsies, adhesions are often present 
in large numbers around them. It was, however. possible in all cases to 
distinguish the inferior poles of the tonsils as a fairly distinct outline on 
the dorsal area of the medulla spinalis. In these cases also. with one 
exception, a small quantity of air was seen in front of the tonsils. although 
it was not so sharply delineated as in the other cases. 

Of the two roentgenologic changes characteristic of the Arnold- 
Chiari deformity, viz. elongation of the tonsils and prolongation of the 
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Fig. 7. A girl aged 4 months with Arnold-Chiari malformation. a) Encephalo- 

graphy. The deformed tonsils appear as an elongated soft tissue structure 

covering the dorsal surface of the medulla spinalis. b) Ventriculography. The 

fourth ventricle is drawn down towards the foramen magnum, and the foramen 
of Monro is situated extracranially. 


fourth ventricle with the foramen of Magendie located below the foramen 
magnum, the first was present in every case in this material. In 10 cases 
(60 %). prolongation of the fourth ventricle was indirectly established 
through the fact that the foramen of Magendie could be demonstrated 
to and below the foramen magnum. The deformity of the fourth ventricle 
was directly established at ventriculography in one instance. In 3 cases, 
the fourth ventricle was air-filled at lumbar encephalography but was 
not seen to be deformed. VERBIEST observed elongated tonsils in 3 out 
of 7 cases (43 °%) and a prolonged fourth ventricle in 4 of the cases he 
examined with air (57 °%). Hence it is obvious that the diagnosis can be 
made with greater certainty by lumbar encephalography than by ventric- 
ilography according to the ZrEDSES DES PLANTEs method. 
A perusal of the literature shows that hydrocephalus is considered to 
‘e a common finding in these deformities. In this material it was present 
n only one instance. 
If the tonsils are displaced downwards owing to increased intracranial 
ressure, changes will be present in the cranial subarachnoid spaces and 
iay be observed when air passes up into the cranium. The cisterns in the 
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posterior cranial fossa are always flattened or altered in some wa 
when infratentorial tumours are present, and the cisterns in the tentoriz 

notch are deformed in supratentorial tumours which cause such displac« . 
ment of the brain tissue that the tonsils are also herniated. When no hydrc . 
cephalus is present the cisterns in the posterior cranial fossa and tentorix 

notch are not deformed in the Arnold-Chiari malformation. On the othe 

hand, if hydrocephalus is present, it may conceivably be necessary t.. 
supplement the examination with ventriculography in order to rule ou 

all other possible causes of the hydrocephalus. 


Conelusions 


Lumbar encephalography is the safest and most accurate method fo: 
an examination of the subarachnoid spaces immediately below the fo 
ramen magnum. Both the Arnold-Chiari malformation and herniated ton 
sils may be demonstrated with certainty by this method. An equal degre: 
of certainty does not seem to be possible with ventriculography. Cisterna 
puncture should not be performed. 

If the tonsils are herniated the inferior poles usually are rounded anc 
nearly or completely fill the subarachnoid spaces in and below the fo 
ramen magnum. They may have a more elongated appearance, bu 
changes in the intracranial fluid spaces are always present. In the Arnold. 
Chiari malformation they are elongated and pointed. If no air passes into 
the ventricular system at encephalography the position of the foramen o! 
Magendie below the foramen magnum indicates prolongation of the 
fourth ventricle. 


SUMMARY 


The encephalographic appearances of herniated tonsils in intracranial expanding 
lesions and of deformed tonsils in the Arnold-Chiari malformation are discussed, the 
material consisting of 40 cases with known posterior fossa tumours and depressed 
tonsils, and 16 cases of Arnold-Chiari malformation. In none of the latter, of which 
5 had been operated upon, were there any signs of an intracranial expanding lesion 


ZUSAMMENFASSUNG 


Das encephalographische B'ld eingeklemmter Tonsillen bei intracraniellen expan 
dierenden Prozessen und das Bild deformierter Tonsillen bei Arnold-Chiari Missbildun; 
wird an Hand von 40 Fillen mit sicheren hinteren Fossatumoren und herabgesenkte1 


va 
- 
Irc. 
rl 
he 
yt. 
ou 


fo: 
fo 
ton 
ore: 
rma 


an 
fo 
bu 
old- 
inti ) 


nol 


the 


iding 
, the 
essed 
vhich 


xpan 
Idun; 
nktei 


ENCEPHALOGRAPHY IN THE ARNOLD-CHIARI MALFORMATION 31 


‘onsillen und an 16 Fallen mit Arnold-Chiari’scher Missbildung diskutiert. Bei keinem 


ler letzteren, von denen 5 operiert wurden, fanden sich Zeichen von intracraniellen, 
xpandierenden Prozessen. 


RESUME 


L’auteur étudie les images encéphalographiques de hernie des amygdales cérébel- 
euses dans les lésions expansives intracraniennes et les déformations des amygdales dans 
a malformation d’Arnold-Chiari, d’aprés un matériel consistant en 40 cas de tumeurs 
‘onnues de la fosse postérieure avec engagement des amygdales cérébelleuses et 16 cas 
le malformation d’Arnold-Chiari. Dans aucun des cas derniers, dont 5 ont été opérés, 
| n’y avait de signe de lésion expansive intracranienne. 
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OENTGENOLOGIC DIAGNOSIS OF RUPTURE OF 
THE DIAPHRAGM 


by 


Osborne Bartley and Ingmar Wickbom 


Rupture of the diaphragm may easily be overlooked. for the con- 
dition 1s rare, yet common enough to be encountered occasionally by most 
radiologists. It usually produces characteristic roentgenologic changes, 
but. diagnostic difficulties may arise because the possibility of its oc- 
currence is apt to be forgotten. Although a serious, and often dangerous 
condition, it is generally amenable to surgery if discovered in time. 

Most diaphragmatic ruptures are the results of street accidents and 
their incidence has no doubt mounted with the latter. It is natural 
therefore that major series have only been reported in the last decade, 
chiefly in the surgical literature (DEsrorGEs et coll. 1957. KiUMMERLE & 
Kiss 1957/58. and others), and since the diagnosis of rupture of the 
diaphragm is based largely upon the roentgen examination the reports 
include descriptions of the roentgenologic changes. The data in the 
rocntgenologic literature are more meagre (e. g., CARTER et coll. 1951, 
ZUPPINGER 1952). 

Since we have the impression that many radiologists are unfamiliar 
with the frequently typical changes, we feel that a description of them is 
worthwhile. Our experience is based on nine cases, three of which are 
personal cases diagnosed in recent years, and the other six taken from 
the hospital records. Two of the latter (Cases 1 and 5) have already been 
con municated in a surgical paper (RAMstRéM & ALSEN). The ruptures 
we + on the left side in eight cases and on the right in one. 


submitted for publication 7 September 1959. 
} —603088. Acta Radiologica. Vol. 53. 
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Fig. 1. Case 1. Roentgen examination in bed. The left thoracic 

cavity is almost completely occupied by the enormously distend- 

ed stomach (<-) and a moderately dilated loop of colon (+). 
The mediastinum is displaced to the right. 


Case reports 


In the following five cases with ruptures on the left side the signs 
arose immediately or shortly after the trauma. 


Case 1. Male, aged 42, with pelvic fracture sustained when a cement mixer toppled 
over on to him. The lungs were not examined on admission. Ten days later he suddenly 
developed severe shock, with weak pulse, marked cyanosis and laboured shallow breathing. 
The heart was displaced to the right. Left pleural puncture was performed and turbid 
fluid was found. Roentgen examination of the chest revealed a rupture of the left cupola 
of the diaphragm with herniation of a greatly distended stomach and a loop of colon 
(Fig. 1). An operation was immediately carried out, and a very large rupture through t/ie 
cupola of the diaphragm, extending forward and laterally, was found. The left pleura 
contained a profuse quantity of cloudy fluid which had escaped through a small hvle 
in the anterior wall of the stomach which had been perforated at the pleural puncture. 
The postoperative course was uneventful. 


Case 2 (Fig. 2). Railroad linesman, aged 22, probably knocked down by a loc »- 
motive, was admitted in very poor condition. Chest roentgenograms were taken «n 
admission but the patient suddenly died about two hours later and before operativ .. 
Autopsy disclosed not only a large rupture of the left cupola of the diaphragm, w: h 
herniation of the stomach, spleen and parts of the large and small intestine into the thor: «. 
but also a splenic rupture and multiple fractures of the skeleton. 
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| ig. 2. Case 2. Roentgen examination in bed. The dilated Fig. 3. Case 3. Roentgen examination in bed. 
s'omach is to a great extent herniated into the thoracic Stomach and a loop of colon (++) herniated. 
cavity. The mediastinum is displaced to the right. Highest point of the ‘dome’-formation (wall 


of stomach <) is situated laterally, indi- 
cating rupture of lateral part of diaphragm. 
Avulsion of twelfth rib (4+). 


Case 3. Male, aged 27, with crush injuries of the left side of the trunk. Chest roentgen 
examination on admission revealed rupture of the left cupola of the diaphragm with rib 
fractures, avulsion of the left twelfth rib from its articulation, and fluid in the left pleura 
(Fig. 5). Immediate operation revealed that the diaphragm had been torn from its an- 
terior attachment, from which point a rupture of approximately half the diaphragm 
extended obliquely upwards and laterally. There was another rupture about 10 cm long 
at the posterior thoracic wall, coinciding with the avulsed twelfth rib. The omentum as 
well as the spleen and splenic flexure had herniated into the thoracic cavity. (The stomach 
was not found in the thorax because it had been evacuated before the operation.) Fresh 
blood was found in the thorax, and had probably come from the margins of the dia- 
phragm. The patient recovered. 


Case 4. Male, aged 60, admitted unconscious with a fractured pelvis, dislocated 
shoulder, and rupture of the left cupola of the diaphragm, with atelectasis of the left 
ling, following a fall from the third floor of a building. Immediate operation disclosed 

rupture 15 cm long through the central tendon, extending backwards and inwards; 
ie pericardium was also involved and the stomach was displaced into the thorax. The 
}atient survived but at subsequent electro-cardiographic examination had signs of 
: yocardial damage. Electrokymography one year after the trauma revealed changes of 
‘ie adhesive pericarditis type at the site of the pericardial rupture, but no changes 
* iggestive of constrictive pericarditis. 
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Fig. 4. Case 5. Right diaphragm appears normal, left not 
clearly seen. A loop of colon high up along the thoracic wall. 
Dense area medially to this probably caused by the herniated 
stomach filled with fluid. The double-arched upper limit (<) of 
these structures should not be misinterpreted as the diaphragm. 


Case 5. Male, aged 53, who had been pinned beneath the scoop of a méchanical ex 
cavator. On admission, his general condition was rather poor and the entire right side 
of the abdomen was tender. Routine films of the abdomen showed fractures of severa! 
transverse processes as well as fractured ribs. The left cupola of the diaphragm was, in 
contra-distinction to the right, not clearly seen, and a loop of colon was displaced into 
the thoracic cavity (Fig. 4). Laparotomy was performed on the indications of intra 
abdominal hemorrhage. A large rupture of the left cupola of the diaphragm was dis 
covered and the operative field was extended by thoracotomy. The rupture extended 
through the central tendon towards the lateral wall of the thorax. Almost the entire 
stomach as well as several loops of small intestine were situated in the thoracic cavity 
and there was also a rupture of the pericardium on the left side. The patient died suddenly 
five days later. At autopsy, hemorrhages were found in both suprarenals, and fat embol: 
in the lungs. 


In the following two cases the signs appeared after relatively long 
intervals. 


Case 6. Male, aged 45, who in 1937 had been struck by a motor cycle, which swept 
him 10 to 12 yards; his head was hit against a flight of stone steps. He had contusiv: 
injuries of the face, and complained of left thoracic pain. Chest roentgenograms showe 
rib fractures but no obvious injury to the diaphragm. He was discharged after a short 
period but returned about six months later complaining of pain in the left side of th: 
thorax. The pain was aggravated when he leaned forwards, as well as after meals. Roent 
genograms then obtained showed partial herniation of the stomach and colon into th: 
thorax but nevertheless the correct diagnosis was not made. At the end of 1944, almos’ 
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‘ig. 5. Case 6. Almost 8 years after the initial trauma, erect. A large part of the stomach is herniated 
into the thoracic cavity. Atelectasis of left lower lobe. 


ight years after the initial trauma, the patient was readmitted as an acute case. For 
everal months he had suffered from severe postcibal pain, and, especially in the previous 
hree weeks had had periodic vomiting. Roentgen examination of the chest and abdomen 
revealed herniation of the stomach (Fig. 5). At operation, an opening three or four finger- 
breadths in width was found in the central tendon. The stomach was displaced into 
‘he thorax, with marked indentations at the level of the rupture. After the operation 
the patient was free from symptoms. 


Case 7. Male, aged 27, who had fallen about 60 feet into a ship’s hold and sustained 
fractures of the pelvis and a radius, as well as thoracic injuries. No roentgen examination 
of the chest was carried out at the time. The patient was readmitted about six months 
later with a sensation of heaviness in the left side of the thorax as well as dysphagia and 
post-prandial epigastric pain and nausea. Roentgen examination of the chest erect 
showed a dome-formation on the left side, with its upper margin somewhat higher than 
the right cupola of the diaphragm. There was atelectasis of the left lower lobe (Fig. 6a). 
With the patient supine, however, the roentgenographic appearances were appreciably 
different; the dome-formation on the left side rose considerably higher and its upper 
margin was situated laterally (Fig. 6b). The stomach, on examination, was found to 
be displaced into the thorax and appeared to be encircled by a groove (Fig 6c). At 
operation a rupture about 20 em long was found in the left cupola of the diaphragm 
and part of the stomach, a large loop of colon, and the spleen were situated in the thorax. 
The post-operative course was uneventful. 


The nature of the diaphragmatic defect is obscure in the following case. 


Case 8. Female aged 23, admitted for mammaplasty. Three days after the operation 
he suddenly had severe dyspnoea and pain in the left part of the thorax. Roentgen 
xamination of the chest showed that the main part of a greatly distended stomach lay 
1 the left thoracic cavity. The patient died shortly afterwards with signs of circulatory 
ollapse. Autopsy disclosed a diaphragmatic defect, four fingerbreadths in width, with 
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Fig. 6. Case 7. ral 


a) P. a., erect. Somewhat irregular “‘dome’- 
formation (<—) could easily be misinterpreted ; It 
as the diaphragm. Atelectasis of left lower : for 
lobe, probably caused by the herniation. _ 


b) A. p., supine. The dome-like formation ies lee 
lies much higher and its highest point later- 
ally. It is thus not caused by the diaphragm = ; 3 SV] 
but by the wall of the stomach, herniated e : la 
through a laterally situated rupture. “ 


c) Barium meal. The main part of the 3 li] 
corpus ventriculi is herniated with marked — 
constrictions at the level of the rupture (<). 


herniation of the stomach. The spleen and most of the transverse colon were also situate: 
in the thorax. There was no known history of previous trauma, and it seems uncertai! 
whether the herniation was traumatic or due to a congenital predisposition. 
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ROENTGENOLOGIC 


DIAGNOSIS OF RUPTURE OF THE DIAPHRAGM 


Our series includes a case of rupture of the right diaphragm. 


Case 9. Male, aged 50, admitted unconscious and with severe shock after having been 
ky eked down by a streetcar. On roentgen examination of the chest a right pneumo- 
t} rax was demonstrated but no obvious changes in the lungs. The right cupola of the 
d:) phragm was somewhat irregular in contour. No major volume of fluid was apparent 
bh: in spite of this over two litres of fresh blood were aspirated on pleural puncture shortly 
ai orwards. This discrepancy, in conjunction with the irregularity of the right cupola of 
t} diaphragm, could scarcely be attributed to any other condition than a diaphragmatic 
ru ‘ture, possibly associated with a rupture of the liver. The patient died, and ruptures 
oth the diaphragm and liver were found at autopsy. 


Discussion 


Rupture of the diaphragm is usually the resuit of non-penetrating 
t)vuma to the abdomen — frequently a crush injury —- whereby the 
p essure wave is propagated and. so to speak. bursts the diaphragm. 
‘| is phenomenon is referred to in the literature. and is also illustrated 
bh. our cases. A rupture may also arise following direct trauma associated 
w th fractured ribs or after a penetrating wound. According to CARTER 
ei coll. the condition may develop postoperatively after incision of the 
diaphragm. The injury is due to street accidents in the great majority 
o! cases. and to falls from heights in most of the others. It is frequently 
a concomitant of multiple injuries in other parts of the body. such as 
fractures of the pelvis and limbs and ruptures of the spleen or other 
abdominal organs. Since these injuries are often more conspicuous, a 
rupture of the diaphragm may easily be overlooked. The signs are due 
to herniation of abdominal organs into the thorax. though in extremely 
rare cases the lung may protrude into the abdominal cavity (ZUPPINGER). 
Since in 95 per cent of the cases the rupture is situated on the left side, 
it is usually the stomach. the left colonic flexure and the spleen that are 
forced into the thorax. The signs arise from pressure by these organs 
on the lungs and mediastinum. or from compression of herniated organs 
by the ruptured diaphragm. The rise of intrathoracic pressure e produces a 
symptomatology resembling shock. with dyspnoea and circulatory col- 
lapse, which may be wrongly attributed to shock resulting from other 
injuries. Compression of abdominal organs in the rupture gives rise to 
digestive tract symptoms in the form of vomiting and retrosternal pain, 
0” In severe cases to total obstruction. These sequelae may appear im- 
nediately or shortly after the trauma, but sometimes they are delayed 
fur several years and then develop rapidly into a life-endangering con- 
d tion. It is accordingly important to diagnose and operate upon a rupture 
0 the diaphragm even when no immediate symptoms arise, since the 
r sk of incarceration is very great. 
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Rupture of the diaphragm should be suspected in all cases of crus , 
injury to the trunk, especially when associated with shock and dyspnoea « ; 
with vomiting and thoracic pain. The diagnosis is best established b - 
roentgen examination of the chest, which in typical cases will reve. | 
parts of the stomach or colon in the thorax. Failure to establish tl : 
diagnosis is usually due to the fact that the herniated, distended pa ¢ 
of the stomach, or colon, is shaped like a cupola and may thus be mistake \ 
for a high diaphragm due to paralysis or relaxatio diaphragmatica. Le: s 
commonly, the herniated abdominal organs are concealed by fluid in tl » 
pleura, or are themselves filled with fluid and hence misinterpreted as pr - 
mary pleuro-pulmonary changes. The differential diagnosis between ruy - 
tured diaphragm and paralysis or relaxation of the diaphragm may | : 
difficult. 'The rupture itself is not demonstrable roentgenographically, tl.» 
diagnosis being based on the presence of herniated abdominal organs in th: » 
thorax. If the rupture is sufficiently wide the hernia may become partial , 
or completely reduced when the patient is in the upright position. Only i, 
ruptures of the diaphragm, and in no case of paralysis or relaxation, hav» 
we observed a conspicuous alteration in the shape and position of the 
dome-like formation with a change in posture (Fig. 6). If. with the patient 
recumbent, the lateral part of that formation constitutes the highest point. 
it will be pathognomonic of a lateral rupture (Cases 3 and 7). 

In doubtful cases, supplementary examinations may sometimes be 
required. Even if the patient is in fairly poor condition it can generally 
be established by a barium meal or enema examination, if the stomac|: 
or a loop of intestine has entered the thorax. If the stomach lies in the 
thorax. it may naturally be due to an ordinary hiatus hernia, but the latter 
is confined to the mediastinum, while the hernia in diaphragmatic rupture 
is more lateral. The method, which if practicable should afford the most 
reliable diagnosis, and which has even been used in some cases (KUMMERL!: 
& K1éss, Brooks), is pneumoperitoneum. With this procedure the dia- 
phragm itself can always be localized and if a pneumothorax is also 
demonstrable, the diagnosis will be established. We have no personal ex- 
perience of this method. 

Thus, if the possibility of rupture is borne in mind, it should be 
diagnosed in most cases, if it is situated on the left side. Ruptures of the 
right cupola are far more difficult to diagnose and, since the liver protects 
the diaphragm, they are rare. In the case of such ruptures the signs ar: 
generally less alarming, for the liver plugs the site of the rupture an 
usually prevents other abdominal viscera from ascending into the thorax 
Local prolapse of the liver may nevertheless occur (KUMMERLE & KL6ss) 
it appears as a rounded opacity immediately above the diaphragm. 
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Conclusions 


Rupture of the diaphragm is a serious and not uncommon condition 
hat may easily be overlooked both clinically and roentgenologically. 
"he radiologist should invariably examine the thorax whenever trauma 
ias been of such a nature that diaphragmatic rupture may have occurred. 
f he finds changes in the basal portion of the lung, or any structure 
esembling a high cupola of the diaphragm. a rupture of the diaphragm 
should be suspected until it can be definitely ruled out. 


SUMMARY 


Nine cases of rupture of the diaphragm are reported. Eight ruptures were situated 
mn the left and one was on the right side. The mechanism of origin as well as the symp- 
omatology, roentgen diagnosis, and differential diagnosis are discussed. 


ZUSAMMENFASSUNG 


Es wird iiber neun Fille von Diaphragmaruptur berichtet. Acht waren auf der 
inken und eine auf der rechten Seite. Der Entstehungsmechanismus sowie die Sympto- 
natologie, Réntgen- und Differentialdiagnose werden besprochen. 


RESUME 


Les auteurs rapportent neuf cas de rupture du diaphragme. Huit ruptures étaient 
ituées du coté gauche et une du coté droit. Ils examinent le mécanisme de production, 
la symptomatologie, le diagnostic radiologique et le diagnostic différentiel. 
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DETERMINATION OF INHIBITED BLOOD 
CLEARANCE IN CORTISONE-TREATED MICE BY 
THE INTRAVENOUS INJECTION OF Au!’ 


by 


N. Hornnes and J. Rygard 


It has been established that the administration of cortisone in large 


doses may reduce the resistance to spontaneous as well as experimentally 
induced infections (cf. review article by Kass & FINLAND 1953, HELLER 
1957). Phagocytosis of microorganisms is an important factor in body 
resistance against infections. On the hypothesis that lowered resistance 
after cortisone is due to an inhibition of phagocytic activity, the influence 
of cortisone on the blood clearance of colloidal radiogold was studied in 
mice. 

Repeated experiments have shown that foreign corpuscular material 
injected intravenously collects mainly in the macrophages in the liver. 
spleen, and bone marrow (ZILVERSMIT et coll. 1952, DogBson et coll. 
1949). The blood clearance of such material is believed, therefore, to 
reflect the activity of the fixed macrophages in these organs. 

The blood clearance in cortisone-treated mice has already been studied 
by GeLL & HinpE 1953, HALPERN 1954, and HELLER 1957, but with 
contradictory results. It seemed of interest, therefore, to repeat the 
investigations with an improved technique, due regard being paid to the 
stress exerted by the functional test proper on the phagocytic system 
(RyGARD 1959). 

Submitted for publication 23 April 1959. 
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Method. Quantitative blood clearance studies are performed by 
) otting a curve of the decrease in the blood level of intravenously 
| jected foreign particles from analyses of consecutive blood samples. 
‘he half-time for blood clearance (hereinafter called the BHT—blood 
| lf-time’), i.e. the period which elapses after the injection of the parti- 
. es until their blood level has decreased to half the original value, is 
. termined from the curve. 

The injected quantity of foreign material is generally small in blood 
‘ earance studies and the content in the individual blood samples is 
i \erefore small and difficult to determine with accuracy. For this reason, 
t ie use of radioactive colloids constitute a marked advance, since minute 
‘aantities of these materials may be determined radiometrically with 
¢ eat accuracy. The radiocolloids in most common use are P* labelled 
«iromic phosphate (DoBson 1949, 1952, GABRIELE 1951, GELLER 1957) 
id colloidal radiogold, Au'*s (Barrow et coll. 1951, et coll. 1952, 
aid VETTER 1954). 

Since only a limited number of macrophages can be assumed to be 
available for the blood-clearing mechanism, the BHT would be expected 
t» depend upon the number of particles injected. This factor has not been 
eucidated by the authors mentioned above, but as evident from our 
Diagram 1 the BHT from 2 to 8 minutes shows linear dependence upon 
tle initial concentration, Co, in the blood. The line drawn through the mean 
bHT values at the different narrow C, intervals is called the ‘normal line’. 
By establishing a large number of BHT values at varying Co-values in 
comprehensive experimental series (RYGARD 1959), it has been found that 
in normal mice the deviations from the ‘normal line’ show gaussian distri- 
bution (twice the standard deviation being 30 °% of the mean value), and 
in the experiments now reported a 30 % deviation from the ‘normal 
line’ is taken to be the extreme limit of a ‘normal’ BHT. 


Material. The material consisted of inbred Dba mice, mostly males, 
aged 2 months and weighing about 20 g. For purposes of fixing the 
‘normal line’, from 17 to 21 untreated mice were used for each batch 
o/ gold, a total of 57. Fifty-four mice had one dose of cortisone consisting 
o/ 0.01 mg per gram bodyweight, injected subcutaneously. The original 
preparation (cortisone acetate, Merck) was diluted to a 0.1 °% suspension 
in sterile physiologic saline in order to facilitate the administration of 
siich small amounts. A mouse weighing 20 g thus received 0.2 mg cortisone. 
The injections were performed with a sterile syringe and needle. The 
b ood clearance was determined once only in each mouse from | to 15 days 
a ter the single injection of cortisone. Similarly, 23 controls each received 
a single injection of 0.01 ml physiologic saline per gram bodyweight, and 
t e blood clearance was determined 1 to 15 days after the injection. 
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Since pregnancy may increase the BHT (RyGARp unpublished data) a! 
the females were killed one day after the gold test and examined for sign 
of pregnancy; none were found. 

The blood clearance studies were carried out with 3 different batche 
of colloidal radiogold, Harwell type C. G. 8. 1. stabilized with gelatine 
This colloidal gold is stated to contain 10 mg dry substance per millilitr 
and to have an average particle size of 250 A. Its physical half-life j 
2.7 days, and the gold has a gamma radiation of 0.411 MeV which i 
used in measuring the radioactivity. The radiogold was used in dilution . 
ranging from 1: 10 to 1: 200 in sterile physiologic saline and stored a 
+4°C. 


Technique 


During the blood clearance determinations the mice were kept unde 
light nembutal anaesthesia induced by Nembutal-sodium (Abbott, Lon 
don), 0.01 ml per gram bodyweight in a 0.6 % solution in sterile physio 
logic saline being injected subcutaneously. This was supplemented wit! 
very light ether anaesthesia when the operation was started. The dilutio: 
of radiogold was injected into the femoral vein through an inguinal in 
cision, in a constant volume of 0.01 ml/g bodyweight, the injection time 
averaging 5 to 7 sec. The ether was withdrawn, and at suitable intervals 
blood samples of 0.01 ml were removed from the cut tip of the tail. 
The blood was dropped in circular patches, 9 to 10 mm in diameter, onto 
filter paper (type Whatmann No. 1). dried and labelled. A total of 8 to 9 
samples were obtained from each mouse over a period of 16 to 20 min after 
the mjection of radiogold. The samples were punched out in discs of 12 
mm, placed in a small aluminium dish, centred by means of a cylindrica! 
brass holder, and the radioactivity was determined in an apparatus con- 
sisting of a2” Nal (T1) Ekco crystal with E. M. I.-Type-6097-B photo- 
multiplier tube. 

The gold content of the blood samples was expressed relatively, as 
counts per 100 seconds, determined with an accuracy of at least 2 °,.. 
Counts above 20 000 were then corrected for dead time and low counts 
(below 10000) for background. A curve showing the decrease in con- 
centration of radiogold in the blood of the individual mouse was traced 0, 
semilogarithmic paper from the corrected counts, and from this curve th: 
BHT was read. The Cs, i. e. the concentration in the blood immediatel 
after the injection, was determined by extending the curve to time 0. Fo 
control purposes, the radioactivity of one blood sample from each anima! 
was measured a few days later and the corresponding new (Co valu: 
calculated from the original curve. Both Cs values were then referred t. 
a certain day and hour by correcting for decay, and the final Co valu 
from each mouse was fixed as the average of the two determinations. 


0 | 
th 
Ta 
Co 
lis 
| le 
ch 
te 
ul 
sii 
h. 
= ti 
a ne 
d 
% 


INHIBITED BLOOD CLEARANCE IN CORTISONE-TREATED MICE 


BHT in min. 


700 100 


Diagram 1 


Co 


Diagram 2 Cy 


| agram 1. BHT-values relative to Co (initial blood concentration in 1 000 counts 100 sec) in normal 
» ce. Fulldrawn line: ‘normal’ for gold batch No. 2. Broken lines: extreme limits of “normal values’ 
(twice the standard devition = 30%). Abscissa: Original concentration of Au'® in the blood. 


| agram 2. BHT-values relative to Cy in normal and cortisone-treated mice. Parameters as in diagram 1. 


The ‘normal line’ (Diagram 1) had to be determined for each batch 
o' gold. For this purpose, a certain number of normal untreated mice, 
o the same age and weight as the experimental mice, were injected in 
the manner described above, with one of the 3—4 different dilutions of 
radiogold. The individual BHT values thus obtained at the 34 different 
(, levels were plotted against the corresponding Co values and the ‘normal 
line’ drawn through the mean values for the BHT obtained at each Co 
level. The dilution of gold resulting in a BHT of about 3 minutes in 
normal mice was then selected, and this dilution was used for the blood 
clearance determinations in the experimental mice. These blood clearance 
tests were then evaluated on the basis of the normal line as described 
under ‘Method’, and a deviation of BHT exceeding 30 °% classified as 
significant. 


Results 


Diagram 2 gives the BHT in one group of cortisone-treated mice in 
relation to the ‘normal line’. It will be seen that a number of the mice 
had abnormally high BHT values. Diagram 3 gives the time of gold 
testing of the cortisone-treated mice and the deviations of the BHT from 
normal values. 

It is apparent that a single administration of cortisone prolongs the 
half time for blood clearance in the mice. The effect was most marked 
d wring the first three days, but in some cases it persisted for periods as 
lcag as 14 or 15 days, the maximum interval from the injection of corti- 
sne until the testing with colloidal gold. 
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4 


70 
Days after Treatment Days after Treatment 
Diagram 3 Diagram 4 


Diagram 3. BHT-deviations from normal mean values in cortisone-treated mice as a function of th 
time after cortisone therapy. Each dot represents a cortisone-treated mouse. 


Diagram 4. Parameters as in diagram 3. Each dot represents a saline-treated mouse. 


In Diagram 4 the results are recorded of experiments in 23 mice 
which in place of cortisone received the same volume of sterile physio- 
logic saline subcutaneously in a single injection. Out of these mice, only 
four had a BHT which was significantly prolonged, i. e. falling beyond 
twice sigma and none beyond 2 '/, times sigma. In our opinion, therefore, 
the injection itself, or the administration of the small quantity of saline 
solution in which the cortisone is dissolved, cannot have exerted any 
influence upon the inhibited blood clearance in mice treated with corti- 
sone. 

Only a slight weight loss was observed in the cortisone-treated mice. 
and there was no relationship between reduced blood clearance an 
weight loss. 


Discussion 


A reduced blood clearance capacity in cortisone-treated mice was 
demonstrated by a method which appears to permit more exact individ- 
ual determinations than those previously used (GELL & HINDE 195°. 
HELLER 1957). 

The reduction in the blood clearance has been interpreted as a sign ¢ 
inhibited phagocytic activity. This may explain the reducing action « 
cortisone therapy upon the resistance. It also influences, however, th : 
mineral metabolism, certain cellular components of the blood (DoUGHERT ° 
et coll. 1945, 1947), and presumably antibody formation (EIsENn et col . 
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947, Herpert & DE Vries 1949, Mrrick 1951, and STERN 1954); the 
nhibition of phagocytic activity is perhaps therefore not the only way 
n which cortisone affects the resistance of the treated mice. An investiga- 
ion of the influence of the different adrenocortical hormones upon the 
lood clearance, determined by the above-mentioned technique, should 
ye of interest, and is now in progress. 
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SUMMARY 


The authors have found that the administration of cortisone reduces the blood 
learance in mice. The new method which they employed is described. 


ZUSAMMENFASSUNG 


Die Autoren haben gefunden, dass Cortison das Blut-clearance bei Miusen herab- 
setzt. Die neue Methode, die sie anwandten, wird beschrieben. 


RESUME 


Les auteurs ont constaté que l’administration de cortisone réduit la clearance sanguine 
chez les souris. Ils décrivent la nouvelle méthode qu’ils ont employée. 
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LOCAL CHEMICAL PROTECTION OF THE SKIN 
AGAINST ROENTGEN RADIATION INJURY 


by 


B. Fogh 


The skin tolerance is of particular importance in routine roentgen 
therapy with conventional equipment since it is upon this factor that 
the practicability of the proposed treatment and the intensity to which 
the irradiation can be carried depend. 

Of the physical and chemical remedies which have been proved to 
afford protection in the case of whole-body irradiation. cooling and the 
application of certain chemical compounds can be used in experiments 
on local protection of the skin. 

Cooling. though often suggested. has never been much employed. 
Evans and Kerr carried out roentgen treatment in subjects in whom 
arcas of skin had been cooled but did not find convincing evidence of 
protection. The skin surface temperature was about 17° C. Since local 
cooling in my preliminary experiments showed only a 20 to 50% in- 
crease In the tolerance. no further reference will be made to the literature 
or to the physiologic changes in cooled tissue which might conceivably 
intluence the tolerance. 

Chemical compounds which reduce the mortality following whole- 
holy irradiation also afford protection against local injury. LorHe & 
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Devik demonstrated that the ear of the rabbit was protected after bei) » 
perfused with a cysteamine solution. MALDAGUE et coll. and Wizs: x 
found reduced reaction to radiation and to epilation in rats and mi ¢ 
protected by intraperitoneal cysteamine injections. ForssBERG. ai | 
Horan injected cysteine subcutaneously and reported that it afford | 
considerable protection. Peruzzi & Corsi applied a 10% cysteami e¢ 
ointment to human skin and noted no appreciable effect on the erythen a 
and pigmentation after 1350 r. The failure of these writers to menti: 1 
the local irritation which must have been caused by a 10 % cysteami e¢ 
ointment seems to indicate that the cysteamine did not penetrate into t 
skin from the ointment base. Farris & OLiva used 10 % cysteamine in a 
vaseline base on human skin and observed enhanced reaction to radi - 
tion, which most likely was due to the high cysteamine concentratio :: 
they probably did not observe the skin areas long enough for the prote -- 
tion to be noticed. Perroy & DE LA Tour reported some effect >f 
cysteine ointment in experiments on pigs. Darcts et coll. irrigated t \« 
vagina and rectum of the rat with a 10 % cysteamine solution and o )- 
served that some protection was afforded. Herve & BruMAGNE intro- 
duced cysteamine into the skin by iontophoresis and stated that it had 
a good effect on the reaction to irradiation as well as on the growth of 
hair in rats. 

Of the substances which are known to afford radio-protection. cyste- 
amine and formic acid. both of which readily penetrate the skin. were 
chosen for the experiments, and also p-methoxy-thiophenol SH OCH,. 
an evil-smelling liquid. as it was thought that owing to its phenolic struc- 
ture. it might penetrate the skin and. due to its thiogroup. might afford 
radio-protection. 

The experiments were carried out in rabbits, the skin reaction of 
which has been studied by EBBEHOJ. 


Method. The dorsal skin of white and dark rabbits was irradiated 
after epilation. Factors: Machlett-tube AEG-50. FSD 10 cm, field 2» 2 
em. 0.5 mm Al, 50 kW. 20 mA. HVL 6 mm skin = 0.47 mm Al. The single 
doses delivered ranged from 2 000 r to 13 500 r. 

Cysteamine is ordinarily unstable in an aqueous solution, but a soli- 
tion of cysteamine in water on gauze. covered with a piece of plast c. 
readily penetrates the skin. The strong solutions were applied for 5 
minutes, the weaker ones for 1"/2 hours. It is more convenient, howev:r. 
to use 0.5 % or 1 % cysteamine in ordinary vaseline. The ointment is 
applied to the skin and covered with plastic material 2 hours befcre 
irradiation. Stronger concentrations cause considerable skin reaction 
and may cause necrosis. Formic acid was administered as a 2.5 % so] 1- 
tion on gauze and p-methoxy-thiophenol as a 10 °% blend with olive ¢ |. 
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Fig. 1. After 4 weeks and 6 000 to 9000 r. At bottom: protected areas with remnants of 
scales; at top: control areas, showing exudative, ulcerative, reaction. Upper left-hand area 
protected on bottom half with cysteamine vaseline after irradiation. 


both being applied for a period of 15 minutes. Higher concentrations 
of these substances cause local irritation. Ointment and gauze were 


removed from the skin immediately before irradiation. 


Results 


The day following irradiation a faint redness was observed on the 
control areas. the colouration being particularly evident in the white 
rabbits. After 1 to 2 weeks. there was pigmentation of the test areas in 
the dark rabbits and. somewhat later. slight but gradually increasing 
desquamation occurred. After 4 weeks. the reaction was at its highest, 
with oedema. inflammation. scale and crust formation and underlying 
exiidation. The intensity of the reaction was found to increase with the 
dose. and at 6000 r and over was manifest by superficial ulceration. 
At 6 weeks the reaction abated. the scales disappeared. but the skin 
w: s atrophic and in some cases shrinkage of tissue as a result of ulcera- 
tic 1 was evident. 

Most of the control areas received at least 2 000 r and remained bare. 
In the cooling experiments, in which lower doses were given. epilation 
oc arred at 1 500 r, which agrees with EBBEHOJ’s statement. At smaller 

’s the new hairs of the dark rabbits were white. 
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Fig. 2. a) Protected skin surface after 9000 r. Numerous hair follicles. b) Control, 9000 r. No bh ir 
follicles. 


Cysteamine vaseline was applied 2 hours before irradiation in foi 
experiments. Immediately following the irradiation there was a tempora ‘v 
redness where the ointment had penetrated the skin. After 2 to 3 days. 
the cysteamine caused desquamation which was maintained over tiie 
irradiated fields but was transitory on the areas of skin between thein. 
There was identical pigmentation of the control and protected areas, 
but the scales remained thin and dry with. at the most. an inconsideralhle 
amount of exudation beneath them. At 4 weeks the scales were shed 
and at this time the protection effect was most marked (Fig. 1); the treated 
areas were covered by natural skin but on the untreated areas the reac- 
tion was at its peak. The course of the reaction on the protected areas 
was almost identical between 2000 r and 9000 r. but the local irrita- 
tion was less with 0.5 % than with 1 °%% cysteamine vaseline. The hair 
growth became normal on areas which had received 2 000 and 3 000 r. 
but there was no sharp line of demarcation in the individual animal: 
with 13500 r growth of hair may still occur after 5 to 6 weeks (Fig. 
2). 

Dimethylcysteamine presumably penetrates the skin less easily than 
cysteamine. but in a 10% mixture with vaseline it produced — in a 
single experiment — the same effect as described for cysteamine. Cys*e- 
amine in 2% and 10% solution, used in 3 experiments. also showed 
similar although perhaps not as marked effects as those produced 5y 
cysteamine vaseline. 


Three rabbits were given universal protection for the purpose of 


comparison, one by injection of 150 mg cysteamine intravenously. and 
two by injection of 300 mg cysteamine intraperitoneally immediatly 
before irradiation. For a period the reactions developed exactly as on 
the control areas (Fig. 3) but after 5 weeks and after 4 000 and 6 00)1 
there was nevertheless a difference: the inflammation was lighter. nd 
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Fig. 3. Intravenous cysteamine; 4 000, 6 000, and 9 000 r. Upper row protected. 
Bottom row not protected. 


the scales were drier and disappeared more rapidly. The protective effect 
was much lower than after local cysteamine treatment. 

Local treatment with p-methoxy-thiophenol in two experiments with 
irradiation up to 9 000 r afforded approximately the same protection as 
cysteamine. while formic acid failed to give any protection in two ex- 
periments. In two other experiments. cysteamine vaseline was applied 
to areas immediately following heavy irradiation. The degree of protec- 
tion. at 9 000 r. was nearly equal to that afforded when treatment was 
administered before irradiation. 


Diseussion 


It is difficult to express quantitatively the degree of the changes 
caused by irradiation and to measure differences in intensity between 
the injury in two areas. The substances employed. moreover. produce 
their own peculiar effects on the skin and interfere with the radiation 
reaction at the beginning of experiments. 

Neither cooling nor chemical protection has any influence on the 
in tial irradiation reactions such as pigmentation. redness. and desquama- 
tion. which EBBEHOJ assigns to the upper layers of the skin. The course 
o| these reactions is identical on the control and protected areas and 
is independent of the size of the dose. It may, perhaps, be produced by 
a lirect radiation action uninfluenced by protective remedies. 
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The effect of the protection shows itself as a much lighter and speedi: ; 
course of the inflammatory reaction. Furthermore the limit of the cyst - 
amine effect does not seem to have been reached at 9 000 r. at whic 
the irradiation reaction is not much different from that obtained ; - 
2000 r, in contrast to the increasing reaction over the control area . 
The protection afforded to the hair growth is also evident. It appea ; 
as if cysteamine vaseline is best. since with it there is rapid growth « ° 
hair up to 9 000 r. It is a fact. however. that the hair growth in rabbi , 
is in any case rather irregular. a difficulty mentioned by EBBEHO,. 

Slightly more than | g vaseline is absorbed in a skin area of 10 en : 
in 2 hours. Assuming that the greater portion of the cysteamine remain ; 
in the skin tissue it can be estimated that a far greater concentratio \ 
of cysteamine is obtained by application than by the intraperitone: | 
injection of 300 mg. A piece of skin measuring 10 cm? weighs abou: 
10g. 

The observation that cysteamine is also active when applied afte: 
irradiation does not agree with the experiences from whole-body radia- 
tion experiments and general treatment. If this should be confirmed, it 
would mean that it would be possible to arrest the harmful processes; th» 
injurious radicals presumably enter into chemical processes for a certaii 
period before they become a constituent part of stable combinations 
or are broken down. 

The vital] organs which escape irradiation seem to have contributed 
little to the protection obtained in these experiments. since intravenous 
cysteamine showed only weak effect. The great concentration of protective 
agent in the skin must thus have been the more important factor. 

The thiophenols, of which p-methoxy-thiophenol has been tried. 
deserve attention. The unpleasant smell does not attach to all thiophenols. 
some of which are used in industry as antioxidants. Nothing definite is 
known about any resorptive action. 
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SUMMARY 


The effect of cooling and the application of certain chemical compounds in increasin; 
the skin tolerance, based upon an investigation in rabbits is discussed. Cysteamine an 
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) ethoxy-thiophenol more than doubled the tolerance; the reaction became milder and 
d -loped faster, and the hairs reappeared after up to 13 500 r. Cysteamine seemed also 
t fford protection when applied after irradiation. 


ZUSAMMENFASSUNG 


Die Wirkung der Abkiihlung und die Applikation gewisser chemischer Zusammen- 
« cungen zur Erhéhung der Hauttoleranz wird unter Bezugnahme au‘ eine Untersuchung 
a Kaninchen diskutiert. Cysteamin und P-Methoxythiophenol erhéhten die Toleranz um 
n ur als das Doppelte; die Reaktion war milder und verschwand schneller. Der Haar- 
w chs trat nach Dosen von bis zu 13 500 r wieder auf. Cysteamin scheint auch bei Appli- 
k ion nach der Bestrahlung Schutz zu gewihren. 


RESUME 


L’auteur, se basant sur une expérimentation faite sur des lapins, examine l’aug- 
» -ntation de la tolérance de la peau aux rayons roentgen obtenue par le refroidissement 
et lapplication de certaines substances chimiques. La cystéamine et le p-méthoxy- 
th ophénol font plus que doubler la tolérance; la réaction est moins intense et est retardée, 
et les poils repoussent aprés des doses allant jusqu’’é 13500 r. La cystéamine semble 
a\oir aussi un effet protecteur quand elle est appliquée aprés lirradiation, 
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LOSE DISTRIBUTIONS IN 250 kV PERPENDICULAR 
AXIAL ARC THERAPY 


by 


Olov Dahl and Karl Johan Vikterléf 


The terminology for arc therapy adopted in this paper is the same 
as In a previous publication (See Reference 3. p. 11) in which different 
series of isodose charts in the oscillation plane, serviceable as standards 
under defined circumstances. were presented for the 200 to 250 kV range. 
In accordance with the general practice in radiotherapy we carried out 
the measurements primarily in homogeneous phantoms using different 
models or various arrangements of a certain model in the various series. 
The combination of oscillation angle (>). centering depth (c), and width 
of the nominal surface field (a) varied within each series. 

In all the measurements a nominal surface field of at least 10 cm 
in length (6) and a nominal focus—surface distance (NFSD) of 50 em was 
employed. At the time of the investigation we were restricted to a tube 
veltage not exceeding 200 kV constant potential. In conjunction with 
this maximum voltage added filtration of 0.5 mm Cu + 1 mm Al, corre- 
sponding to a radiation quality of HVL 1.1 mm Cu. was used. We showed. 
h wever, that the resulting isodose charts, except the dose rate factors 
gven (f), would be largely valid for corresponding arc therapy not only 
wh b values of 5 em and above, and using NFSD values of between 
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— Cu 
HVL=2.0mm Cu 
HVL=2.72mm Cu 


© 200kV 


x 250kV 0,2Cu+IAl 


Depth 
Depth 
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6 8 10 12 1 16 18 20 22 % 26 28 30cm 02 4 6 8 10 12 1% 16 18 20 22 2 26 28 30cr 


Diagram 1. Dose distribution values along the Diagram 2. Dose distribution values along t/ ¢ 


bisector of the oscillation angle measured in the bisector of the oscillation angle measured in t/¢ 
circular cylinder phantom with a base diameter of circular cylinder phantom with a base diamet:r 
30 cm, using two different combinations of tube of 30 cm, using three different radiation qua'i- 
voltage and added filtration, resulting in a HVL ties with HVL 1.1, 2.0 and 2.7 mm Cu, respev- 
1.1 mm of Cu. > = 180°, ¢ = 10.0 cm and tively. > = 180°, ¢ = 10.0 em and a = 5.0 cn, 


a — 5.0 em, 


40 and 60 cm, but also with radiation qualities within the range of from 
HVL 0.7 mm Cu to HVL 2.0 mm Cu. Morrison, BEAN and KEWLEY ({) 
express similar opinions. 

We also presented in the same paper a diagram (Fig. 19), derive: 
from a special series of linear dose distribution measurements. performed 
with the same combination of tube voltage and added filter as thie 
measurements in the oscillation plane. Being valid for dose-maximum 
depths up to 15 cm, this diagram demonstrates the extension parallel 
with the oscillation axis of the 75 per cent and the 90 per cent isodose 
contours. respectively, with lengths of the nominal surface field between 
5 and 17 cm. We stated that this diagram may be employed, with satis- 
factory accuracy for practical purposes. in combination with any of the 
presented isodose charts in the oscillation plane throughout the NFS!) 
and quality ranges within which these charts are largely valid. Con- 
bination of one of the isodose charts with the diagram in question givis 
an idea of the corresponding spatial energy dissipation. 

Summarizing, in the previous paper we systematically investigated 1 
homogeneous phantoms the three-dimensional dose distributions in pe°- 
pendicular axial are therapy under defined conditions adapted with die 
regard to clinical practice. At the tube voltage used, the upper H\L 
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Di. sram 3. Two series of isodose charts in the oscillation plane measured in three different phantoms 

(2, 30, and, respectively, 20 and 32 cm base axis), using radiation qualities with HVL 1.1 and 2.7 

m Cu, respectively. > = 180°, ¢ = 10.0 em and a = 6.0 em, f = 0.30, 0.31, 0.32 and, respectively, 
0.27, 0.29, 0.28. 
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limit of 2.0 mm Cu corresponds to the heaviest added filtration common] 
employed at that voltage. namely the conventional Thoraeus filter o 
0.4 mm Sn + 0.25 mm Cu + 1 mm Al. As we pointed out. on the basi 
of the literature as well as our own measurements. the results shoul 
on the whole be valid even with the use of a tube voltage of 250 kV 
either pulsating or constant potential. provided the filtration is suc! 
that the HVL of the resulting radiation does not exceed 2.0 mm Cu 
At a tube voltage of 250 kV constant potential this quality is obtaine 
with an additional copper filter of only about | mm thickness. In orde 
to utilize fully the advantages of 250 kV units it is. however. as stresse: 
among others by BRAEsTRUP. CAMERON and Mc CLEMENT (1). desirabl 
to use heavier filtrations as well. This also holds good for moving bean 
therapy. especially as regards the desirability of diminishing as far a. 
possible the bone absorption. vide e.g. ScHAAL (10). When employin: 
heavier filters. radiation qualities of higher HVL than 2.0 mm Cu wil! 
of course be obtained. It appears to be necessary that investigations 0 
the dose distributions in this high quality range should also be mad» 
before using 250 kV arc therapy units. 

The main part of the dose distribution measurements reported i) 
the literature and referred to on pages 16 and 17 in our previous paper 
(3). have been performed with a tube voltage of 200 kV and moderate 
additional filters. corresponding to a HVL of about 1 to 1.5 mm Cu. 
In 1957 FowLer and FarMErR (6) and Morrison. BEAN and KEWLEy (9) 
and in 1958 FowLer (5) and SNELLING and STERN (11) published some 
dose distribution measurements in the British Journal of Radiology. 
These authors. as opposed to those on the Continent. have dealt wit!) 
250 kV are therapy of radiation qualities of HVL values of 1.6 to 3.: 
mm Cu. They present some complete dose distributions (9) and rules of 
general application of the variables in different body regions (5). 

We have not found it possible in the 250 kV range. with the results 
in the literature in mind, to arrive at any generally utilizable series of 
isodose charts. Even if it seemed probable that our published isodose 
charts (3) should also be valid, with relatively good accuracy, at a somewhat 
higher HVL than 2.0 mm Cu (vide also FowLer), we considered it 
desirable to extend our earlier investigations to such qualities. especially 
since we were aware of the fact that in the future arc therapy with 
conventional roentgen rays will be performed mainly at a tube voltage 
of 250 kV. 

We were able through the courtesy of Dr Olle Hallberg to carry o1 
the required measurements when the first 250 kV are therapy unit | 
Sweden was installed at the Radiotherapy Department of , ltl - 
rettet, Orebro. 
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Investigatory conditions 


The homogeneous phantoms. the irradiation plant. the measuring 
. uipment, and the variables in the treatment conditions were discussed 
| detail in the corresponding chapter of our previous publication (3. 
18). As the present investigation is to be regarded largely as a com- 
| rative one of limited scope. no conditions. except the radiation quality 
 d. as a necessary prerequisite. the irradiation plant were altered. 


Homogeneous phantoms. Only the circular cylinder models with base 
. imeters of 20 and 30 cm. respectively. and the ‘elliptical’ cylinder 
} iantom with base axes of 20 and 32 cm were used. 


Trradiaticn plant. A Siemens-Reiniger Werke arc therapy apparatus. 

rmitting a maximum tube voitage of 250 kV constant potential. across 
a. oil-insulated SRW-TR-250-f roentgen tube, was employed. A current 
o 15 mA at 250 kV and 20 mA at 200 kV. i. e. the maximal permissible 
output, was used. adjustment of the required field size being performed 
with the aid of the light beam localizer and the adjustable diaphragm. 
‘The properties of the diaphragm at 250 kV have been studied by GopaLa 
tao and VIKTERLOF in a separate investigation (7). 

Tests showed that the dose rate could be kept practically constant. 
kepeated control demonstrated satisfactorily invariable centering of the 
beam in axial are therapy. sufficiently constant oscillation speed. and 
nearly instantaneous changes of direction regardless of what terminal 
positions had been selected for the oscillation. The light localizer was 
found to project a visible beam that accorded closely. throughout all 
common surface field sizes. with the geometric dimensions of the corre- 
sponding roentgen beam. The centering and defining of the beam and 
the regularity of the tube movements with this somewhat larger arc 
therapy unit were thus as accurate as with the plant used in our previous 
investigation. 


Measuring equipment. The twenty microchambers of Sievert’s type 
which were used in the previous study (3) and ten more microchambers 
o! the same type had been employed for dose distribution measurements 
i are therapy using Co*® gamma radiation. They had thereby been sub- 
j cted to extensive control tests against a standard 100 r Victoreen 
condenser chamber as regards roentgen constants. energy dependence 
aid dose linearity. All tests, which are to be reported elsewhere (8). 
s owed good results. We thus judged the thirty condenser chambers 
t sted to be well suited for use in the present measurements of dose 
« stributions; only 25 of the chambers were used. A calibration check 
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Diagram 4. (See also opposite page). Two series of isodose charts in the oscillation plane measured in 

the circular cylinder phantom with a base diameter of 30 cm using five different oscillation angles 

and radiation qualities of HVL 1.1 and 2.7 mm Cu, respectively. ¢ — 15.0 em and a~— 5.0 em, 
f — 0.48, 0.21, 0.16, 0.14, 0.10 and, respectively, 0.46, 0.21, 0.17, 0.14, 0.11. 


at 250 kV (HVL 2.7 mm Cu) showed the individual roentgen constants 
for these 25 chambers to be practically identical: the calculation of the 
arithmetical mean gave a small standard deviation (about 1.5 per cent). 


Variables in the treatment conditions. The radiation qualities used in 
° present investigation are determined by the following combinations 
voltage and added filter: 200 kV and 0.5 mm Cu + 1 mm Al (HVL 

mm Cu); 200 kV and 0.4 mm Sn + 0.25 mm Cu + 1 mm Al (HVL 
'mm Cu); 250 kV and 0.2 mm Cu + 1 mm Al (HVL 1.1 mm Cu); 
a 1250 kV and 0.4 mm Sn + 0.25 mm Cu + 1 mm Al (HVL 2.7 mm Cu). 
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The filters employed correspond to the added filtrations that a 
conventionally used in Sweden in the relevant voltage range. We hay - 
not employed any harder filtration than that corresponding to the co) - 
ventional Thoraeus filter. with a view of not reducing the dose ra 
too much. 

The oscillation angles and the ¢ and a values used are given in t! > 
legends. We employed a nominal focus—surface distance of 50 cm. 


Investigation and material 


Preliminary measurements. The essential purpose of the present i - 
vestigation was to find out to what extent and with what accuracy t! e 
dose distributions. measured with a radiation quality of HVL 1.1 ma 
Cu as presented in our previous paper. are valid at a quality of HVL 
2.7 mm Cu. However, to obtain a rough idea of the influence of the 
quality upon the dose distribution within the relevant HVL range. we 
made some measurements along the bisector of the oscillation angle. 


Diagram | shows two series of dose distribution values along the bisector of tie 
oscillation angle, measured in the circular cylinder phantom with a base diameter of 
30 em using tube voltages of 200 and 250 kV constant potential, respectively. In both 
cases we used > = 180°, ¢ = 10.0 cm and a= 5.0 em. The respective added filters 
(0.5 mm Cu + 1 mm Al and 0.2 mm Cu + 1 mm Al) corresponded to radiation qualities 
of HVL 1.1 em Cu. (The outputs using the maximum permissible tube currents of 20 mA 
at 200 kV and 15 mA at 250 kV were found to be about 70 and 130 r/min, respectively. 
measured in air at a FSD of 50 em.) 

As will be seen, the measuring values show good agreement, permitting one averaye 
curve to be drawn. The same was true of two other series of values, measured in the 
circular cylinder model with a base diameter of 20 em using > = 220°, ¢ = 10.0 em 
and a = 6.0 em. 


In our previous paper on are therapy (3, p. 31) we quoted BRAESTRU?. 
CAMERON and Mc CLEMENT (1) when citing MAYNEoRD and LAMERTON’s 
thesis that ‘within normal limits any combination of filter and voltage 
which results in the same half-value layer also gives nearly identical 
depth dose values’. The measurements just presented verified the correct- 
ness of an assumption made in our previous paper. namely that this 
thesis, referring to depth dose values in stationary field therapy. is also 
applicable to dose distributions in are therapy. This assumption wes 
necessary for our conclusion that the presented isodose charts in tle 
oscillation plane, measured at a tube voltage of 200 kV and largely valid 
up to a HVL of 2.0 mm Cu. should also be valid. on the whole. at a tul e 
voltage of 250 kV provided the filtration is such that the HVL of t! e 
resulting radiation does not exceed 2.0 mm Cu. 
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The average curve from Diagram | is reproduced in Diagram 2 (continuous line). 
\\» have marked two other series of dose distribution values along the bisector of the 
o: illation angle which we have measured using an added filtration of 0.4 mm Sn +- 

25 mm Cu +1 mm Al and tube voltages of 200 and 250 kV constant potential, 
re pectively, the other conditions remaining the same as in the experiments presented 
in Diagram 1. The diagram thus enables a comparison between distributions obtained 
w h the use of radiation qualities of HVL 1.1 mm Cu (200 or 250 kV), 2.0 mm Cu (200 kV) 
ar | 2.7 mm Cu (250 kV), respectively. The values obtained at HVL 2.7 mm Cu are repre- 
se ted by the curve of dashes. 


The diagram seems to indicate that a dose distribution, measured 
with the use of a radiation quality of HVL 1.1 mm Cu. should be valid 
with about the same degree of accuracy when using qualities of HVL up 
to 2.7 mm Cu as when using qualities up to 2.0 mm Cu. This conclusion 
is further supported by the fact that only a slight difference is obtained 
between the central axis depth dose curves valid for stationary fields 
using different radiation qualities within the relevant range. (See Dia- 
gram 7.) As far-reaching conclusions cannot, however, be drawn from 
a single series of dose distributions along the bisector of the oscillation 
angle presented in Diagram 2. we still considered it desirable to make 
a number of complete dose distribution measurements using a radiation 
quality of HVL 2.7 mm Cu and different phantoms. different oscillation 
angles, and different ce. a and b values. As in our previous paper on arc 
therapy. we investigated the spatial dose distribution by making the 
measurements in the oscillation plane and in the plane of symmetry. 


Dose distributions in the oscillation plane. In the selection of the dif- 
ferent combinations of the treatment variables — oscillation angle. c. 
and a — which were to be used in conjunction with a given model, the 
objective was to make intercomparisons possible. These would show the 
effect of the phantom size and the individual variables on the dose 
distribution in the cases of the two different radiation qualities of HVL 
1.1 and 2.7 mm Cu, respectively. This purpose was achieved by producing 
a number of series of dose distribution charts which corresponded. as 
regards the models and treatment variables employed. to some of the 
series of charts in our previously measured material which had been 
used for studies of the effects in question. As in our previous paper 
(Reference 3. p. 45) the characters of the isodose charts which form 
the basis of our evaluation of these effects are the depth. size and shape 
of the maximum. the relative surface dose. and /. 

The influence of the variables upon the above-mentioned magnitudes 
of she isodose charts of a radiation quality of HVL 2.7 mm Cu with 
sp: cial regard to the essential differences from the corresponding influence 
wh na quality of HVL 1.1 mm Cu is employed will now be discussed. 

5 —608088. Acia Radiologica. Vol. 53. 
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OLOV 


The isodose charts in Diagram 3 illustrate the influence of the phantom size u 
the dose distribution, using > = 180°, ¢ = 10.0 cm and a= 6.0 cm. The group: of 
charts to the left and to the right were measured employing radiation qualities of } ‘|, 
1.1 and 2.7 mm Cu, respectively. The numbers on the charts in the left-hand series 1 
the same as in our previous paper. 

The left-hand series shows, in accordance with our previous experiences, that \ th 
the medium ¢ and a values employed and using the softer of the radiation quali: es, 
the main result is a slight decrease of the depth of the maximum and a progressive in- 
crease of the relative surface dose with increasing phantom size. 


It will be observed that with each model and the selected combinat on 
of variables a change to the harder radiation quality brought a sli :ht 
increase of the depth and decrease of the size of the maximum ad. 
furthermore, a reduction of the relative surface dose and f by abvut 
10 per cent each. 


The significance of the oscillation angle relative to the dose distribution with «ach 
of the two radiation qualities in question, is illustrated in the isodose charts in Diagrain 4, 
It was found previously (3, p. 46) that the influence of the oscillation angle upon the 
depth, size, and shape of the maximum was more marked with larger models and higher 
¢ values. In order to obtain good material for comparison, ¢ was therefore 15.0 em and 
the circular cylinder phantom with a base diameter of 30 em was employed; a was 5.0 cm. 

The charts on the left show that, with the use of the softer radiation quality, the 
effect of a progressively increasing oscillation angle upon the characters of the maximum 
is, as expected, considerable. The relative surface dose and / show a continuous and 
appreciable fall. 


When going over to the harder radiation quality there is. with smaller 
oscillation angles, a tendency for the maximum mainly to increase in 
depth. At medium angles there is a more marked increase in the depth 
as well as a decrease in the size of the maximum; there is a decrease 
also of the relative surface dose with a change to the harder quality. 
It is evident that in the series in Diagram 4 the use of a certain oscillation 
angle of medium size at the harder radiation quality gives a dose distri- 
bution practically identical with that obtained at the softer quality with 
an oscillation angle one interval larger. With larger angles there are again 
comparatively insignificant changes in the dose distribution when going 
over to the harder radiation, but there is a decrease of the relative surface 
dose by nearly 20 per cent. The general impression will be that the 
changes which take place in the maximum with rising oscillation angle. 
and the corresponding decrease in the relative surface doses, become 
distinct and. in the case of the former anyway. are completed sooner 
when the harder radiation quality is employed. In other words, with 
this quality the maximum approaches the centering point and its dimen- 
sions reach the width of the geometric axis field more quickly. T! e / 
value, on the other hand. shows no significant difference with increa: ing 
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Dia ram 7. Complete dose distributions in stationary field therapy measured in the plane through 
the short axis of the surface field (8 x 10 em) and the central line of the beam with two different 
radiation qualities. FSD = 50 em. 


The effect of the centering depth upon the dose distributions is demonstrated in 
the isodose charts in Diagram 5, all of which were measured employing the circular 
cylinder model with a base diameter of 30 cm, > = 180° and a = 6 em. 

As already pointed out in our previous paper (3, p. 47), the left-hand series of charts, 
which were measured at the softer radiation quality, show, with rising ¢ values, some 
increase in the depth and a considerable increase in the size of the maximum together 
with a corresponding change in shape. The relative surface dose first decreases, then 
rises, while f is continuously reduced. 


With a change to the harder radiation there will be an increase in 
the depth and, with use of somewhat larger ¢ values, a decrease in the 
size of the maximum, both the changes becoming very marked with 
rising ¢. Furthermore. the relative surface dose as well as f/ are reduced, 
the former up to a maximum of about 20 per cent with higher ¢ values. 


Lastly, the significance of a relative to the dose distributions is exemplified by the 
isodose charts, shown in Diagram 6, and obtained with the circular cylinder phantom 
with a base diameter of 30 em, > = 180° and c = 10.0 em. 

In accordance with previous experience, the charts to the left show that the depth 
of the maximum diminishes and its size, as well as the relative surface dose and f, rise 
with increasing a values. 


It is evident that when going over to the harder radiation quality 
th: depth of the maximum increases slightly and its size decreases some- 
wiat while both the relative surface dose and / are reduced to some 
ex ent throughout. 
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Diagram 8. Dose distributions along that line . 
through the dose maximum in the oscillation 50) 
plane, which is parallel with the oscillation axis, 49. 
measured in the ‘elliptical’ cylinder phantom 
with base axes of 20 and 32 cm using a nominal 30) e HVL® 11 
surface field length of 10.0 cm and radiation 20; wteamsaipang 
qualities of HVL 1.1 and 2.7 mm Cu, respec- * HVL = 2.7mm Cu 
tively. > = 180°,¢- 10.0emanda — 4.0cm. 


123456 78 9 10cm 


Distance from the oscillation plore 


Summarizing. a large number of our previously published isodose 
charts in the oscillation plane measured at a radiation quality of H\VL 
1.1 mm Cu may also be employed, with sufficient accuracy for practical 
purpose (about 10 per cent). at qualities of HVL up to 2.7 mm Cu. The 
values for / and the relative surface dose must. however, be used with 
extreme caution. On the other hand, some of the charts are more or 
less inapplicable at the harder radiation qualities. This is the case es- 
pecially with those charts obtained with the higher c¢ values and the 


medium angles, in which the dose maxima are positioned about half-way 
between the nominal entrance point and the centering point. 

There is. of course. no reason to assume threshold values of the radi- 
ation quality in its effect upon dose distribution. wherefore the above- 
mentioned discrepancies may appear to some degree also with the use 
of radiation qualities of HVL about 2.0 mm Cu. 


Dose distributions in the plane of symmetry 


Two complete dose distributions in stationary field therapy, measured in a water 
phantom in the plane through the short axis of the medium sized rectangular (8 * 10 em) 
surface field and the central line of the beam, are reproduced in Diagram 7; radiation 
qualities of HVL 1.1 and 2.7 mm Cu and 50 cm FSD. As will be seen, the dose distribution 
is about the same both along the central axes and the edges of the two beams. 


It may accordingly be presumed that in arc therapy with a selection 
of radiation quality within the relevant HVL range the change of tiie 
extension of the isodose contours parallel with the oscillation axis wou'd 
stop within about 10 per cent. This means that the above-mention:d 
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gram in our previous paper (3, Fig. 19), demonstrating the extension 
allel with the oscillation axis of the 75 and 90 per cent isodose con- 
rs, respectively. in relation to the 6 value. ought also to be valid 
h satisfactory accuracy when employing radiation qualities at HVL 
to 2.7 mm Cu. 
For further evidence, however, we made some additional comparative 
asurements. We used the ‘elliptical’ cylinder phantom with base axes 
' 20 and 32 cm. one primary combination of variables, namely >=180°, 
- 10.0 em and a = 4.0 em. giving a depth of the dose maximum of 
yut 7.5 em, and. lastly, a b value of 10.0 cm. Diagram 8 gives the 
ults. that is the dose distributions along that line through the dose 
ximum in the oscillation plane, which is parallel with the oscillation 
a. is. measured with radiation qualities of HVL 1.1 and 2.7 mm Cu. 
pectively. It is evident that the distributions obtained with the two 
valities are practically identical. The results thus strongly support the 
assumption that the diagram in Fig. 19 of our previous publication may, 
ith sufficient accuracy for practical use (about 10 per cent), also be 
employed when using radiation qualities of HVL up to 2.7 mm Cu. 


Acknowledgements 


Our thanks are due to the technicians Mr Ejnar Jonsson and Mr Valter Anderson for 
valuable help in the determination of the dose distributions and to the latter also for the 
final drawing of the diagrams. 

This investigation was supported by grants from the Swedish Cancer Society, the 
Stockholm Cancer Society, and the King Gustaf V Jubilee Foundation. 


SUMMARY 


Our previously presented standard isodose charts for perpendicular axial are therapy 
were measured at a HVL of 1.1 mm Cu but largely valid up to 2.0 mm Cu. When em- 
ploying 250 kV and heavier filtrations, however, HVL values above 2.0 mm Cu will be 
obtained. An investigation is reported in which the effect of the phantom size and the 
treatment variables — oscillation angle, centering depth, and nominal surface field width 
~—- on the dose distribution with radiation qualities of HVL 1.1 and 2.7 mm Cu, respec- 
tively, were compared. It was found that a large number of the previously published 
isodose charts are largely valid for qualities of radiation of HVL up to 2.7 mm Cu. 


ZUSAMMENFASSUNG 


Unsere friiher veréffentlichten Standardisodosen fiir senkrechte axiale Pendelbe- 
strahlung wurden bei einer HWS von 1.1 mm Cu gemessen; sie sind jedoch weitgehend 
gv ltig bis zu 2.0 mm Cu. Bei Benutzung von 250 kV und hirterer Filtrierung werden 
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jedoch HWS-Werte von mehr als 2.0 mm Cu erreicht. Eine Untersuchung wird bericht. - 
bei der die Wirkung der Phantomgrésse und der Behandlungsvariablen — Pendelwink |. 
Pendelachsentiefe und Breite des Einstell-Oberflachenfeldes —- auf die Dosisverteilu 
bei Strahlenqualitaten einer HWS von 1.1 mm Cu bezw. von 2.7 mm Cu verglich » 
wurde. Es ergab sich, dass eine grosse Anzahl der friiher publizierten Isodosen we 
gehend fiir Strahlenqualitaéten bis zu einer HWS von 2.7 mm Cu giiltig sind. 


RESUME 


Les tables de courbes isodoses standard pour la thérapie pendulaire axiale perpe :- 
diculaire que nous avons publiées précédemment ont été établies & une CDA de 1.1 nn 
Cu, mais sont largement valables jusqu’’é 2.0 mm Cu. Mais avec 250 kV et des filtratio \ 
plus fortes, on obtient des CDA supérieures 4 2.0 mm Cu. Nous présentons une étu\e 
dans laquelle nous comparons l’effet des dimensions du fantome et des variables « 
traitement — angle d’oscillation, profondeur de centrage, largeur du champ de surfa 
nominal — sur la distribution de doses pour des radiations de CDA 1.1 mm et 2.7 mm Cu. 
Nous avons constaté qu’un grand nombre des tables d’isodoses déja publiées sont large- 
ment valables pour des radiations dont la CDA va jusqu’é 2.7 mm Cu. 
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SCATTERED RADIATION IN A WATER PHANTOM 
IRRADIATED BY ROENTGEN PHOTONS BETWEEN 
50 AND 250 keV 


by 


Gunnar Hettinger and Kurt Lidén 


Multiple scattering occurs when roentgen photons of therapeutic or 
diagnostic quality enter a low atomic medium such as water so that. at 
a given point. secondary or scattered photons in addition to the primary 
photons from the radiation source are present. This increase in the number 
of photons within the scattering medium is called the ‘build-up’. 

It would be useful to know the angular and spectral distribution of 
these additional photons. but as yet only few data are available. Bruce 
and JOHNS (1) gave a report on Monte Carlo calculations of spectra of 
scattered radiation produced in water by radiation of roentgenologic 
quality. Attempts have been made to measure spectra of scattered radia- 
diation with a scintillation spectrometer. CorMACK et coll. (3) measured 
scattered 400 kV radiation in a water phantom, an investigation which 
was recently followed by another with 280 kV radiation (4); further work 
wit 140 kV radiation is in progress (5). JoHNS and SKARSGARD (13) 
have published a preliminary report on the same subject. HETTINGER 
an’ STARFELT (11). in our group have measured the energy and angular 
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675 cm 


Adjustable wall 


Perspex tube “2 


Photons per keV 


225 


Fig. 1. Experimental arrangement for the study 
scattered radiation within a water phantom. 


Photon Enercy kev 
Diagram 1. 
Diagram 1. Spectra of the semimonoenergetic primary radiation obtained by filtering the con- 


tinuous radiation from a roentgen tube running at constant potentials of 100, 170, and 250 kV, 
respectively. The distributions are normalized to one photon. 


distribution of the scattered radiation in a water tank irradiated by 
semimonoenergetic roentgen radiation with effective energies of 63, 113. 
and 184 keV. 

This communication is based mainly on observations made in thie 
latter paper (11), of which it may be regarded as a continuation in which 
the results are treated in further detail and applied to concrete prob- 
lems in radiology. The dose, HVL, photon build-up of the secondary radi- 
ation. and energy absorption are calculated and the results obtained are 
discussed. 

The experimental arrangement according to reference (11) for the study 
of scattered radiation within a phantom is shown in Fig. 1. A MG 300 
roentgen generator was used as a radiation source, heavy filters being 
added in order to secure a more homogeneous output (9). Diagram | 
shows the spectra of primary radiation with the generator running at 
accelerating potentials of 100, 170, and 250 kV, respectively, the areas 
of the curves being normalized to one photon. The filter compositions are 
listed in Table 1 together with the characteristics of the primary beanns: 
these may be considered as semimonoenergetic with effective energies of 
63, 113, and 184 keV. The phantom consisted of a 30 x 30 x 30cm’ 
perspex tank filled with water. The scattered radiation was extracted from 
the center of this tank through a narrow-bore empty tube of the sane 
material connected to a Nal-scintillation spectrometer (10); the tube «nd 
the spectrometer could be adjusted at six different angles to the prim. rv 
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Table 1 


I Iter composition and characteristics of the primary radiation. The average photon 


provides an estimate of the homogeneity of the primary radiation. 


ccelerating Photon number trans- 
potential Filter composition (mm) HV L 
(kV) (mm Cu)! (keV) 


2.5 em | 6.0 em | 15 em 


100 


At apd Get Ce 0.57 63 0.608 0.300 0.051 
170 1.67 Al, 0.50 Cu and 1.08 Cd ....| 2.12 113 0.662 0.371 0.084 
250 1.32 Al, 2.07 Cu, 1.10 Cd and 1.34 Pb| = 4.50 184 0.704 0.428 0.120 


i» mber transmission over the whole spectrum of the primary radiation at different depths 


b am. The scattering angle was measured from the direction of the primary 
beam; thus photons scattered back along their incident path have a 
scattering angle of 180°. The central ray of the primary beam was perpen- 
dicular to the entrance surface and directed through the point of obser- 
vation. The depth in the water of the point to be studied was varied (2.5. 
6.0, and 15 em) by adjustment of the front wall. The focus—surface 
distance was kept constant at 67.5 cm and the circular field area on the 
front wall was either 50 or 200 cm?. Further details of the spectrometer 
and the experimental procedure have been described in a previous paper 


(11). 


Treatment of the data 


The experimental pulse height distributions were prepared in order 
to give the angular number flux NV 


=> —> 

where + defines the point where the radiation is observed and 2 the 
direction of the scattered radiation. The flux N is normalized to a source 
intensity of one photon per second, assuming isotropic emission from the 
source of primary radiation. The angular number flux was finally multi- 
plied by 4zr*e“’ to give the number of scattered photons per primary 
photon at the point of investigation. The distance between the focus 
of the roentgen tube and the observation point is indicated by r; d is that 
part of the distance inside the water tank and y is the total absorption 
covfficient of the primary radiation. An average value of the number 
trensmission, e““, was calculated for each primary beam (Table 1); the 
“-values were obtained from Wurre’s tables (16). This normalization 
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gives the dimension keV" ster’ to 4zr%e“’N, so that the expressio: 
4arte“"N(r, Q,E)dQdE 


can be described as the number of the scattered photons, in the energ 


interval (£,E + dE) and within the solid angle dQ in the direction & 
emitted from a differential sphere per incident primary photon. Th 


location of the sphere is defined by the vector r (Fig. 2). Not all of th: 


secondary photons moving in the direction Q need be created in the dii 
ferential sphere. 

The integration of the angular number flux N over all angles gives 
the number flux N, 


which is the spectrum of the scattered photons. 

The build-up B is defined as the ratio between the total observe: 
effect and the effect of the primary photons alone. The build-up may 
refer to the number of photons. the energy flux. the absorbed energy. 
or the exposure dose, each of which increased by reason of the presence 
of scattered radiation at the point of observation; the build-up is conse- 
quently always > 1. With the units and notations in this paper the 
photon number build-up. B,,. is given by the relation 


By =1 + N AE. (3 a) 


The second term, the integral of the number flux, means the total number 
of secondary photons per primary photon. It is often preferable to consider 
the dose build-up B,. which may be calculated according to the following 
equation 


(E)-dE 
| E-y,(B)-dE 


(3 b) 


where yu, (E) is the energy absorption coefficient of air, tabulated in the 
report of the International Commission on Radiological Units and 
Measurements (ICRU) 1956 (14), and P’ is the spectrum of one primary 
photon at the point studied. In this case with semimonoenergetic prima! v 
radiation the integral in the denominator may be approximated so th: t 
the equation (3b) has the following appearance 
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dE 
Ep: Hal Ep) 


B,= 1 + 4arte" 


\ here E, is the effective energy of the semimonoenergetic primary radia- 
i on. 


It may sometimes be valuable to study the differential build-up = 


x example when studying the contribution of the scattered radiation 
om different directions. The calculation of the number flux NV, included 
space integral of the angular number flux. eq. (2). Thus, the above 
juations still hold for the angular build-up when the first term is ex- 
‘uded and N, substituted by V. 


dB Ph 
dQ 


= NdE 


Ma (E,,) 


The angular build-up is measured in ster! units: thus the angular dose 
build-up gives the dose of the secondary radiation from direction & in r 
per steradian when the primary photons produce a dose of one r at the 
point of observation. 

The build-up factor indicates fairly well the state of the scattered 
radiation and on the whole is easier to interpret than a number of spectral 
distributions; at the surface of the scattering medium the build-up is 
equal to the backscatter factor. 


Results and Discussion 


1. Angular number flux. The angular number flux at the 6 cm depth 
and in the 45° direction for a field area of 200 cm? is presented in Diagram 
2. The spectra corresponding to the higher primary energies show two 
well separated peaks. the upper consisting mostly of once-scattered and 
the lower of multiply-scattered photons. The peaks are not resolved at 
the lower primary energy. as shown in the diagram. The cut-off at the 
low energy end is due to the photoelectric absorption in water and the 
upper energy limit conforms to the Compton scattering formula. The 
hiaximum energy of the scattered photons and the width of the spectra 
t .erefore decrease with increasing scattering angle (Diagram 3). The photon 
i tensity of the angular flux is also related to the amount of irradiated 
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water giving rise to scattered 
radiation in a given direction. 
This relation. owing to the 
proximity of the phantom sur- 
face is demonstrable at smaller 
depths. As seen in Diagram 4 
the forward directed angular 
flux does not change much at 
the lower depth when the field 
area is increased from 50 to Fig. 2. Interpretation of the angular number flux. 
200 cm?. The spectrum ob- 

tained with the smaller field size contains somewhat fewer low energ) 
photons than that with the larger field. The dashed curve is equa. 
to the difference between these two spectra and corresponds to the 
angular flux of the scattered radiation coming from the volume betwee: 
the two irradiated truncated cones in the water. The radiation consists 
mostly of photons scattered several times. This spectrum gives a rough: 
estimate of the radiation at a point in the scattering medium outside 
the primary beam. Diagram 5 shows how the relative height of the 
low energy peak, consisting mostly of multiply-scattered photons. 
increases with the depth. 

The angular photon number build-up at different depths is plotted 
in Diagram 6 for the two field sizes. The build-up increases with the size 
of the irradiated area and with the depth. The irregular shape of the 
curves below 90 degrees depends on the proximity of the phantom surface 
and is conspicuous in the curves corresponding to the smaller depth and 
the larger field size. At the 2.5 em depth the angular distribution of the 
scattered photons is approximately isotropic. but deeper in the water 
the forward scatter is relatively more prominent. The curves in Diagram 6 
are valid for the softest primary radiation used in this experiment but 
are also representative. with an accuracy of about 10 per cent. for the 
other primary qualities. although the corresponding angular fluxes have 
other photon distributions. This effect may be explained by the assump- 
tion that the shorter range of photons with lower energy is compensate: 
by a larger scatter-cross-section and vice versa. In Diagram 7 the angular 
dose build-up is presented for the cases in which the primary radiation 
had an effective energy of 113 keV and the field sizes were 50 and 200 cm*. 
The curves are of the same type as those for the angular photon numbe, 
build-up in Diagram 6. In Table 2 the dose of the scattered radiation 
is presented for the other semimonoenergetic primary beams of this ex- 
periment. By combination of the data, this table provides a basis for th : 
calculation of angular doses of scattered radiation caused by primar ~ 
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the scattered radiation and its effec- 
tive energy in different directions 
are exemplified in Table 3 in which 
z 4 
2 7 the softening of the scattered radia- 
ca. 4 tion with increasing scattering 


angle and depth of water is shown. 
For the other primary qualities the 
cb 3 kev - quality change of the scattered 
radiation follows similar trends. 

A numerical application of the 
2b : curves in Diagram 7 is given in 
Table 4, where the angular dose 

distribution is integrated over three 

pats of the space formed by 

Photon Energy, keV a double cone with its rotation axis 

Disgram 2. Alteration of the angular number along the central axis of the pramnsy 

flux with energy of primary radiation. For beam and with its summits at the 

the higher primary energy the two peaks,  noint of observation. Thus the scat- 
corresponding to once- and multiply-scattered 

photons, are well separated in energy. tered radiation is divided into three 

parts; photons with scattering angles 

from 0° to 71°. 71° to 109°. and 109° 

to 180°. The sum of the doses of the primary and the secondary radiation 

is taken as 100. The primary photons contribute about half of the total 

dose at the 2.5 em depth. The angular distribution of the dose of the 

secondary photons is here relatively isotropic, but deeper in the water 

the forward scattered photons contribute more. The sum of the dose 

of the primary and the secondary radiation in the forward direction (0 to 

71 degrees) at all depths up to 15 cm is thereby a constant fraction of 

about two thirds of the total dose at the point of observation. 


184 keV 7 


Anaqular Number Flux 


2. Number flux. The spectral distributions of the number flux for the 
three primary energies studied are published in reference (11). Cormack 
(7) has compared some of these spectra with those determined by Bruce 
in his Monte Carlo calculations and found that the spectra agreed satis- 
factorily both in magnitude and general shape. 

The photon and dose build-up of the number flux are presented in 
Table 5. The photon build-up varied only slightly for different energies 
of the primary radiation. as could be expected from the results of the 
angular photon build-up. The average values of the photon number 
build-up are plotted against the depth in water in Diagram 8. As seen from 
the diagram. the build-up values of this experiment agree with those 
ca'culated from the tables of 280 kV spectra published by Cormack 
et coll. (4). The discrepancies particularly at the 15 cm depth, depend 
m: inly on the larger focus—surface distance used in our experiment. 
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Table 2 


The dose of the scattered radiation in different directions in r per ster when the ds 
of the primary photons is 1 r at the point. These differential dose build-up tables « i 
valid for a field size of 200 em? and a 67.5 cm focus—surface distance. 


(Ey) Depth Differential dose build-up 
(keV) (cm) 0 = 225° 45° 67.5° 90° | 120° | 135 
2.5 0.171 O.141 0.158 0.126 0.143 O.145 
63 60 0.459 0.368 0.265 0.194 0.203 0.209 
15 1.39 0.97 0.50 0.35 0.35 0.35 
2.5 0.120 0.098 0.102 0.085 0.086 0.094 
113 6.0 0.310 0.256 0.169 0.135 0.128 0.133 
15 1.00 0.56 0.33 0.23 0.23 0.22 
2.5 0.103 0.077 0.073 0.056 0.056 0.055 
184 6.0 0.235 0.192 0.120 0.085 0.081 0.081 
15 0.75 0.38 0.22 0.16 0.13 0.13 


The dose build-up values of Table 5 do not agree with those calculated 
from depth-dose tables (2) corresponding to a primary radiation with the 
same HVL as the semimonoenergetic primary radiation of this investiga- 
tion; the primary radiation used in the measurement of the depth-dose 
data has a much broader spectrum. 

The HVL and the corresponding effective energy of the number flux 
are presented in Table 6. The data show how the quality of the scattered 
radiation is influenced by depth and field size. For instance, for all the 
primary energies studied, the HVL of the number flux is only half to one 
third of the HVL of the primary beam. 


Application of the*number flux 


The determination of the spectral distribution of 250 kV radiation 
at different depths is given as an example of the application of the exper'- 
mental results in radiology. Diagram 9 shows the spectrum of the primary 
radiation, which is assumed to be filtered by 1.5 mm Cu. With the aid 
of absorption data this spectrum was easily calculated from the spectrum 
of unfiltered 250 kV radiation previously determined by our group (\). 

It is possible to divide this spectrum of the primary 250 kV radiation 
into three parts, each similar to one of the three spectra of the semimono- 
energetic primary radiation of this experiment (Diagram 1). Calculatioxs 
have shown that the spectrum of the primary radiation in Diagram 9 cin 
be made up of 0.26, 0.49. and 0.25 photons of the semimonoenerge ic 
radiation with effective energies of 63. 113. and 184 keV. respective y. 
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Angular Number Flux keV ster! 


| 

j 

250 
Photon Energy, keV 

Diagram 3. Alteration of the angular number flux with scattering angle. The 


upper end of the spectra follows approximately the Compton scattering 
formula. 


nN 
4 
4 


T 


w 


(Ep dete = 113 keV 
2.5¢m 
22.5° 


@ 
T T T 


Angular Number Flux 4TIr2e¥9N kev! ster! 
T 


0 20 30 60 80 100 120 140 160 180 
Photon Energy, keV 


Diagram 4. Alteration of the angular number flux with size of irradiated 

area on the phantom surface. The dashed curve corresponds to the 

difference between the two spectra corresponding to the field sizes 200 
and 50 cm?, respectively. 


The weights were calculated by the method of least squares for ten points 

and a small correction was added in order to make the sum of the weights 

equal to unity. The dashed curve in Diagram 9 is a compound spectrum 

corresponding to adequate amounts of the three above-mentioned kinds 

of \rimary radiation. More than 90 per cent of the areas overlap and the 
6 —603088. Acta Radiologica. Vol. 53. 
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T 
= | 
50cm 

67.5° 


energy contents agree within 2 per 
cent. Consequently, no greater 
error would be introduced if the 
spectrum of the primary 250 kV 
radiation should be represented by 
the compound spectrum, combined 
by the semimonoenergetic spectra 
in the above proportions. 

The weights are valid for the 
photon distribution in air, but in 
different depths in water (soft 
tissue) they must be corrected for 
the photon number attenuation 
(Table 1) and the inverse square  —— 
law for a focus—surface distance Photon Energy, «el 
of 67.5 cm. Table 7 shows the Diagram 5. Alteration of the angular number flux 
weights at different depths. The with of in water. Relative 
sum of the weights is equal to amount of mu "len Goth photons increases 
the number of primary photons. In 
order to obtain suitable units a normalization to one primary photon 
per cm? at the phantom surface was performed. The fifth column of Table 
7 gives the attenuation data of the compound spectrum in Diagram 9. 
They agree within one or two per cent with the attenuation data calculated 
for the true primary 250 kV radiation. 

The spectral distribution of the secondary radiation S(E) was calcu- 
lated according to the following equation 


= N 
& 


Angular Number Flux 4M r2e¥9N, keV" ster! 


S(B).. Ss =) Cy, a’ (E)s, 


where the index d means the depth of the observation point and S the 
cross-section of the primary beam at the phantom surface. The right side 
of the equation is a weighted sum of the number fluxes No(Z) for the 
three kinds of primary radiation of this investigation. The different 
weights c,,4 (Table 7) are equal to the number of photons per cm? of the 
three different primary beams (v) at various depths (d). The scattered 
number flux at the phantom surface is not measured and the spectral 
distribution of the scattered radiation at the zero depth could there ore 
not be determined. Diagram 10 shows the spectra of primary and seccnd¢- 
ary 250 kV radiation at different depths (2.5, 6.0, and 15 cm) when the 
field size at the phantom surface is 50 and 200 cm?. respectively. he 
spectra of the primary radiation at different depths in water, P(E£),. \ ere 
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Diagram 6. Angular photon number build-up at different depths (2.5, 6.0, and 15 em) for two field 
sizes, 50 em? and 200 cm*. Within 10 per cent the curves are valid for all primary energies studied in 


this experiment. 
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7. Angular dose build-up at different depths (2.5, 6.0, and 15 em) for two field sizes 


50 cm? and 200 cm?. The primary radiation had an average energy of 113 keV. 
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Table 3 


The HVL (mm Cu) and the effective energy Eg (keV) of the scattered radiation in 
different directions and depths in water. The semimonoenergetic primary radiation ai 
an effective energy of 113 keV; field size 200 cme. 


Scattering angle 
22. 67.5° 90° 
(keV) 

HVL | HVL 


0.92 77 7i 
0.83 74 65 67 
0.57 64 60 


Table 4 


The percentage distribution of the dose to a point from three equal parts of the space. 
The effective energy of the primary radiation was 113 keV and the field size 200 vm. 
The letters P and S indicate the dose of the primary and secondary radiation, respectively. 


Percentage distribution of dose 


(E,,) 


Pots Depth 


Forward scatter Side scatter Back scatter 


0 = 0° to 71° 6 = 71° to 109° | @ = 109° to 180°} Teta! 


(keV) (em) Ss | P+S 


2.5 
113 6.0 
15 


calculated from the true primary 250 kV radiation in Diagram 9. The 
total spectrum 7(£). of all photons at the observation point, irrespective 
of their direction or whether they are scattered, is given by the sum 


T(E)a,.= P(E)a+ S(B)a.. 


The sum of the primary and the secondary radiation is also shown in 
Diagram 10. 

As a control on the shape of the spectra and of the number relation 
between the primary and secondary radiation, which have been experi- 
mentally measured independently. the results of Diagram 10 were com- 
pared with depth-dose tables (2). In order to make a depth-dose tab!e of 
conventional type from the dose data of the spectra in the diagram it 
was necessary to use backscatter factors: 1.21 for the 50 cm? field siz 
and 1.33 for the 200 cm? size. The results are shown in Table 8. t is 


Photon Number Buildup Bp, 
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o Experiment (50 and 200 cm?) 


& Cormack (50 and 300 cm?) 


Photon Number Buildup Bp, 


Depth in water, cm 


Di: ram 8. Photon number build-up corresponding 
to he three qualities of primary radiation studied 
is plotted against the depth of the observation point. 
Values calculated from 280 kV spectra for different 
field sizes, depths and primary qualities given by 
CorMACK et coll. (4) are also shown. 


interesting to note that the 
experimental depth dose data 
agree within 4 per cent with the 
tabulated values, except for the 
dose at 15 cm and 50 cm? where 
the difference is about 10 per 
cent. 

The spectra of the total radia- 
tion at the 6 cm depth as shown 
in Diagram 10 are converted into 
spectral distributions of absorbed 
dose in muscle (lower curve) and 
bone (upper curve) in Diagram 
11; the spectral distributions of 
the exposure dose at the same 
point is also shown (dashed 
curve) for comparison. The most 
striking feature of the curves is 
the remarkably large absorbed 


dose in bone despite the rather hard primary radiation, HVL 2.4 mm 
Cu. employed. Most of the absorbed energy is produced by photons 
with energies below 100 keV; the difference in energy absorption for bone 
and muscle at a depth of 15 cm is still more marked. 

The ratio between the absorbed dose and the exposure dose for mono- 
energetic photons is called the /-factor (14). It might be useful to know 
the average value of this conversion factor, f, that is, in this case, the 
absorbed dose in rad per r calculated from the total spectrum of the 250 kV 


Table 5 


The experimentally determined photon and dose build-up of the number flux 


Field area Field area = 

Depth 50 200 cm? 
(keV) (cm) Bp, 
2.5 1.91 2.15 2.41 2.77 
63 6.0 2.37 2.80 3.45 4.16 
15 3.21 3.90 5.96 8.65 
2.5 1.90 1.77 2.41 2.24 
113 6.0 2.37 2.22 3.63 3.33 
15 3.28 2.96 6.45 5.68 
2.5 1.81 1.51 2.41 1.81 
184 6.0 ]2.31 1.83 3.54 2.46 
15 3.28 2.35 6.30 3.99 
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Table 6 


Characteristics of the number fluz. HVL (mm Cu) and the corresponding effect: 
energy (keV) of the scattered radiation, integrated over all directions, are calculated , ir 
different field sizes, depths, and primary radiation energies. 


Primary radiation Secondary radiation 
Field area = 50 | Field area = 200 
HVL Depth em* em? 
HVL HVL E 
(mm Cu) (keV) (em) (mm Cu) (keV) |(mm Cu) (keV) 
2.5 0.27 48 0.24 46 
0.57 63 6.0 0.25 46 0.23 45 
15 0.23 45 0.21 44 
2.5 1.04 81 0.89 76 
2.12 113 6.0 0.99 79 0.81 73 
15 0.83 74 0.68 68 
2.5 2.51 124 2.08 til 
4.50 184 6.0 247 121 2.02 110 
15 2.02 110 1.68 100 


radiation at different depths and field sizes. The absorbed dose in rad, 
Dw», may be obtained according to the equation 


Dass = const | (7) 


where 7'(£) is the total spectrum determined according to eq. (6), u.(/) 
the mass energy absorption coefficient of air, and f(#) the f-factor for 
the photon energy EF. The /f-factors are tabulated in reference (14). In 
the calculation of the values given in Diagram 11 the energy absorption 
in air was assumed to be 0.88 rad per gram and roentgen. The average 
value of the /-factor was calculated as 


| dE 


The results are shown in Table 9. As to the energy absorption in bone. 
it should be borne in mind that the tabulated values are valid only for a 
small piece of bone element with negligible influence on the number flux. 
It may be of some interest to compare the fone factors in the table with 
similar factors corresponding to the effective energy L, of the total spectra 
given in Table 10; in this case with 250 kV radiation the estimate of tie 
}-factor using Ey gives a value about 10 per cent too low. 
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We hts G,a for the sum of the three spectra of semimonoenergetic primary radiation 
rep senting the spectral distribution of primary 250 kV radiation at different depths 


d 
(depth, cm) 


Cia 


E,,=63 keV 


Cyd 


E,,=113 keV 


C3 
E, = 184 keV 


d 


0.260 
0147 
0.066 
0.0089 


O491 
0.302 
0.154 
0.0277 


Table 8 


0.249 
0.163 
0.090 
0.0201 


1.000 
0.612 
0.310 

0.0567 


Depth-dose values calculated from the spectra of 250 kV radiation in Diagrams 9 and 
10 in comparison with tabulated data (2). The HVL of the primary radiation was 2.4 
mm Cu and the focus—surface distance 67.5 cm. 


Depth 


Field size (cm?) 


(em) 


exp. 


exp. 


200 


table 


oO 
ve 


Average {-factors (i. 


100 
62 62 
33 32 
64 6.2 


the average absorbed dose in rad per roentgen of exposure dose in 
muscle and bone) for the total 250 kV radiation at different depths and field sizes 


Table 9 


87 87 
56 57 
14 15.8 


100 100 
99 95 
72 69 
23.3 23 


Depth 


Field size (cm?) 


(em) 


0 


hoone 


50 


200 


Snone 


— 


0.96 1.35 
0.96 1.33 
0.96 1.30 
0.96 1.23 


0.96 
0.96 
0.95 


1.66 
1.73 
31 
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Table 10 


The HVL of the 250 kV radiation and its corresponding effective energy at diffe. nt 
depths and field sizes 


Field size (cm?) 


0 50 200 
HVL HVL Eure HVL Evy, 
(mm Cu) (keV) (mm Cu) (keV) | (mm Cu) (keV) 


118 ~ 
120 1.68 
122 1.63 
130 1.55 


The HVL of the primary and total 250 kV radiation are shown in 
Table 10 together with their corresponding effective energies. The HVL 
of the total spectrum is about two thirds of the HVL of the primary radia- 
tion in air for a field area of 50 cm? and about half for an area of 200 em’. 
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Diagram 9. True spectral distribution of the primary 250 kV 

radiation filtered by 1.5 mm Cu (solid curve). The dashed curve 

is compounded from suitable amounts of the spectra of the primary 

radiation as shown in diagram 1. Both curves are normalized to 
one photon. 
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Diagram 10. Spectral distribution of primary and secondary 250 kV radiation at different depths (2.5, 
6.0, and 15 em) when the field size at the phantom surface is 50 cm? and 200 cm? respectively. The focus 
—surface distance is 67.5 cm; one primary photon per cm? is incident upon the phantom surface. The 
upper curve in each diagram corresponds to the total radiation, i. e. the sum of primary and secondary 
photons. The ordinate scale in the two bottom diagrams have been enlarged 4 times. 
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Diagram 11. Spectral distribution of absorbed dose at the 6 cm depth in muscle and bone. For con- 
parison the spectral distribution of the exposure dose at the same point is also shown (dashed curve). 
The field size on the phantom surface is 50 em* and 200 cm?, respectively. 


The HVL values in Table 10 are somewhat lower than the corresponding 
values given by GREENING and WILSON (8) and ScHaat (15), who deter- 
mined the HVL with the aid of a double ionization chamber. 

All spectra discussed in this paper refer to observation points along 
the central ray of the primary beam. According to Cormack and Mak 
(6). the total radiation at a given depth is of uniform composition within 
a large part of the irradiated area. Many of the results discussed above 
should therefore also be valid at observation points off the central ray. 

The focus—surface distance was kept fixed at 67.5 cm during the 
entire experiment. According to JoHNs et coll. (12), the spectra of scat- 
tered radiation depend on the cross-section of the primary beam at the 
observation point but not on the distance from the focus to this point; in 
our case this cross-section is, for example, 75 cm? at a depth of 15 em when 
the field is 50 cm? at the phantom surface. An unchanged distribution of 
scattered photons is therefore found at 15 cm when a parallel primary 
beam with a cross-section of 75 cm? is perpendicularly incident upon the 
phantom surface. 

An investigation of the spectra of backscattered radiation is in preg- 
ress and will be presented in a further communication. 


wi 


ph 
bu 
tio 
wit 


the 


pha 
und 
Die 
eins 
250 


térii 
angi 
prin 
et 
les 1 
les s 


|_| 

50 
2, 
3. 
4, 


ROENTGEN RADIATION IN WATER PHANTOM BETWEEN 50 AND 250 kev 91 


Acknowledgement 


This investigation was supported by grants from the Swedish Cancer Society. We 
, to express our thanks to Dr. N. Starfelt for many fruitful discussions. 


SUMMARY 


Experimentally determined spectra of scattered radiation within an irradiated water 
ph atom have been treated numerically. The angular components of the photon and dose 
bu d-up have been calculated for primary photons below 250 keV. The spectral distribu- 
tio of primary and secondary 250 kV radiation has been calculated. Good agreement 
wit 1 depth dose tables was obtained. Energy absorption calculations have been made for 
the spectra of the total 250 kV radiation. 


ZUSAMMENFASSUNG 


Experimentell festgelegte Spektren gestreuter Strahlung innerhalb eines Wasser- 
phantoms sind numerisch behandelt worden, wobei die Winkelkomponenten des Photonen- 
und Dosisaufbaues der Strahlung fiir primaire Photonen unter 250 keV berechnet wurde. 
Die primaire und sekundire 250 kV-Strahlung wurde berechnet; es ergab sich gute Uber- 
einstimmung mit den Tiefendosen der Tabellwerke. Die totale Energieabsorption der 
250 kV-Strahlung im Knochen und in der Muskulatur wurde berechnet. 


RESUME 


Les résultats expérimentaux de mesures de spectres de rayonnement diffusé & lin- 
térieur d’un fantOme d'eau irradié ont été traités numériquement. Les composantes 
angulaires de la distribution des photons et des doses ont été calculées pour des photons 
primaires au-dessous de 250 keV. La distribution spectrale du rayonnement primaire 
et secondaire 4 250 kV, a été calculée. On a constaté une bonne concordance avec 
les tables de doses en profondeur. Les calcules d’absorption d’énergie ont été faits pour 
les spectres du rayonnement total 4 250 kV. 
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BOOK REVIEWS 


GIOCARDIOPNEUMOGRAPHIE ELARGIE. METHODE D’ OPACIFICATION VASCULAIRE GENERALE 
PAR VOIE VEINEUSE. Par P. Viallet, L. Sendra, L. Chevrot, P. Aubry et P. Combe. 
107 pages, 46 illustrations. Masson, Paris 1959. Price: 4000 franes. 


According to the preface, this work, which forms part of the series ‘Radio-diagnostic 
et radio-anatomie de précision’, presents a roentgenologic method of examining the 
v cular system by general filling of the vessels with contrast medium after intravenous 
ir ection. The method has been used for studying the pulmonary vessels, in tumours 
a) | pulmonary tuberculosis, as well as in the examination of expansive processes in 
tl mediastinum, congenital heart defects, and mitral valve defects. It has also been 
e: ployed in the form of ‘angiocéphalographie totale’, and for the examination of the 
sy temic veins and their tributaries, as well as, to some extent, of the aorta and its 
by.nches and the arteries of the extremities. Placentographies have also been carried out. 
Tie work is based on the observations from 900 examinations. 

The technique for the injection of contrast medium is highly standardized, and a 
peripheral vein is used without exception for the injection. An important detail of the 
technique is to make sure that a layer of physiologic saline is always present above the 
coutrast solution in the injection syringe; this ensures a more continuous pressure in- 
crease in the veins and is of some assistance in avoiding inconvenient venous pooling of 
the contrast medium. The views are as a rule taken in only one plane. 

Although the films appear from the illustrations to contain a fair amount of detail, 
even in the peripheral parts of the vascular system, the authors admit that the procedure 
is inferior to such methods as direct arteriography for the more exact demonstration 
of the anatomy. On the other hand, they maintain that their method is the superior one 
for showing physiologic circulatory features. Unfortunately it is not aways made clear 
what is meant by this statement; hence the clinical implications of these sections are 
uncertain. 

The simplicity of the method is mentioned as one of its advantages. It is, however, 
doubtful whether exposure of a vein and insertion of a trocar constitutes in any except 
unusual cases a more simple procedure than the percutaneous introduction of a catheter, 
for instance, or percutaneous puncture and direct injection of the contrast medium. The 
paper unfortunately gives an one-sided impression, as the authors have refrained from 
any discussion of the advantages offered by other examination methods. This is perhaps 
most marked in their report on the observations in congenital heart defects, in which 
selective angiocardiography is not mentioned. The general contrast-filling of the vascular 
system advocated by these authors would furthermore seem to require considerably 
larger doses of contrast medium than many of the examinations in which a selective 
technique is employed. 

The value of the method is difficult to estimate, owing to the fact that the relevancy, 
between the arteriographic and angiocardiographic findings and the clinical observations, 
is not sufficiently well specified. This is particularly noticeable in the section on mitral 
valve defects, in which the classification, which incidentally completely ignores important 
complicating factors, such as aortic defects, is based on an analysis of the variations in 
shape, size, and the movement of the left atrium and ventricle during the cardiac cycle, 
bu: no comparison is made with the clinical observations. In the reviewer’s opinion, 
therefore, the method does not offer any appreciable advantages over those of a more 
se! -ctive type, which seem definitely superior for detailed studies. 
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Symposium UBER SCHADLICHE WIRKUNGEN SCHWACHER STRAHLENDOSEN. Physikalis« 
Grundlagen und biologische Aspekte. (Titles also in the French and English |; »- 
guages.) Veranstaltet von der Schweizerischen Akademie der Medizinischen Wiss: 1- 
schaften 27 bis 29 Marz in Lausanne. 325 Seiten, 77 Abbildungen. Benno Schw: 
& Co, Basel/Stuttgart 1958. Schw. Frs 16.50. 


The subject of the title is thoroughly discussed from various aspects by special ts 
in nuclear physics, health physics, radiobiology, medicine, and genetics. The contributi: ns 
are in English, French, or German, and are summarized in all three languages. The « is- 
tribution of fission products, especially strontium 90, in the stratosphere, troposphc ve. 
biosphere, and man, and the factors influencing this distribution are discussed by Lib»y, 
Marley, Stewart, Kulp, Langham, and Anderson. Joyet gives data on radiation do es 
from various natural and artificial sources, and Hollaender, Marcovich, and Hug disc iss 
the biologic effects of these doses. The genetical aspects are covered by Marquart. 
Fritz-Niggli, and Turpin et coll. Marquardt also discusses the possible relation between 
somatic mutations and cancer, and the importance of chemical substances used as food 
additives etc. Court Brown considers the leukaemogenetic effect of radiation. 

The above abridged table of contents is somewhat simplified, many authors having 
treated more than one of the problems. Most papers are followed by lively discussions 
with important contributions to the matter. The book emphasizes the vital importance 
to mankind of keeping radiation doses from all controllable sources as small as possible 
without unduly restricting the beneficial uses of radiation. At present, the most im- 
portant genetic effects are from diagnostic radiology, but if nuclear weapons tests are 
continued, radioactive fallout may become more dangerous (quite apart from the con- 
sequences of atomic war). Once injected into the stratosphere, the fission products will 
continue to descend to the earth’s surface for many years and contaminate it for centuries. 

While a great deal is known about the biologic effects of radiation, much more is 


to be learnt before a desirable accuracy in the appraisal of the hazards will be possible. 
Though somewhat incomplete and unsystematic, as is natural in a publication of this 
type, the book, which may be regarded as a report on present knowledge, provides food 
for thought and incentive to further research. As such it is most valuable. 


Sven Benner 
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} «MENTS OF Bropuysics. By James E. Randall. 333 pages, 70 illustrations, 19 tables. 
The Year Book Publishers, Chicago 1958. $ 8.00. 


Biophysics, essentially being the application of any branch of physics to biologic 
p nomena, is a vast subject. To write a text-book upon it with anything approaching 
c ipleteness and accuracy, and at the same time within the comprehension of the average 
n ical student, as seems to have been the author’s intention, would be a formidable 
ts k; and to do it in the limited space of the present book would hardly be possible. Dr 
R ndall has not achieved the impossible, and he would probably have been wiser to 
h. e concentrated on a few selected topics. 

Some parts of the book are excellent, especially the introductory chapters on mathe- 
m tical concepts, measurements in general, dimensional analysis, and statistics. Many 
vy: ue expressions are used, however, which are apt to be misunderstood. On pp. 101 and 
i( , for example, true measurement errors and uncertainties due to biologic variability 
se m to have been confused. Certain applications of physics to blood circulation, respira- 
tic a, ete, seem to have been well covered, but the book is on the whole rather sketchy, and 
m..ny important matters are mentioned but briefly, if at all. It might be pointed out for in- 
st.nce, that it is unusual in a book on biophysics to find only short references to electronic 
amplifiers and oscilloscopes. The radiologist and roentgenphysicist will not find much of 
use to them in the 49 pages devoted to atomic structure, medical radiology, isotopes, 
and atomic energy. Such a basic concept as saturation current is not mentioned. 

There are several numerical and other errors, e. g. on p. 271, where the wavelength 
of electrons in the electron microscope is given too high by a factor of about 1 000. Some 
of the figures leave a good deal to be desired and are misleading, such as the one on 
p. 263, where the refracted ray is on the wrong side of the normal. 


Sven Benner 


RapiaTion Protection. By Carl B. Braestrup and Harold O. Wyckoff. 361 pages, 
93 figs, 55 tables. Charles C. Thomas, Springfield, Ill., 1958. 3 10.50. 


Radiation protection is a subject of rapidly increasing importance and public interest. 
The present book deals with large parts of this subject in an authoritative way, the 
authors having wide experience in the matter since many years. Three chapters (on bio- 
logical effects of radiation, on un-sealed radioactive sources, and on atmospheric contam- 
ination) are written by experts in these fields (T. C. Evans, 8. A. Lough, and M. Eisen- 
bud). 

The most fully treated parts of the subject are protection in medical and industrial 
uses of X-rays and external radioactive sources. Methods of shielding calculations are 
described with a number of practical hints, and a large number of tables and diagrams 
contain valuable material needed for the calculations. Most useful are examples of calcula- 
tions carried out for a few specific cases and comparison of the results with measurements 
taken after completion of the installations. Instruments and methods of measurement 
are described, and rules for radiation surveys given. 

The protection against internal radioactive sources is dealt with in less detail, and 
figures for maximum permissible concentrations etc. are largely lacking. The disposal 
of radioactive waste is treated only for low-level wastes, and the problems of atomic 
energy work in this and other respects have not been included (which would have neces- 
sitated a large increase in size of the book). 

The book can be most sincerely recommended to all hospital and health physicists, 
radiologists and others responsible for the planning or supervision of radiation protec- 
ton. 


Sven Benner 
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ATLAS FUR GEBURTSHILFLICHE RONTGENDIAGNOSTIK. Von C. J. Gauss und R. Schmiema) ), 
348 Seiten, 325 Abbildungen. Werk-Verlag Dr. Edmund Banaschewski, Miinch: \- 
Griifelfing 1959. 


A book with many attractive illustrations, which seems to be its only merit. It is of 
little value in other respects for it offers the reader mainly opinions on obstetric roe t- 
genology that were current in the 1930’s. An example of this is the method recommen: »d 
for the establishment of intra-uterine foetal death. Only unreliable or very late roe t- 
genologic signs are mentioned; nowadays, however, it is possible in nearly every case to 
obtain early confirmation of suspected foetal death by means of the ‘halo’ sign, or by «he 
formation of gas in the foetal vascular system. The section on roentgenologic mensurat on 
of the pelvis is another example of the oldfashioned nature of the book. Contraction of 
the outlet of the pelvis is not mentioned at all; the methods recommended offer no po: si- 
bilities of studying this region. This is all the more extraordinary because the incide: ce 
of narrowing of the pelvic inlet has decreased to a marked degree in recent years in count: ies 
where the nutritional standards are satisfactory, whereas narrowing of the outlet is a more 
frequent occurrence and must naturally be taken into consideration in the roentgenolozic 
measurements. A large number of illustrations show deformation of the pelvic inlet now 
found only in museums or archives of old publications. Many similar examples could be 
given to demonstrate that the book does not reflect modern trends in obstetric roent- 
genology. Nor is the general impression heightened by the author’s assertion that pelvic 
arteriography is a dangerous procedure and should not be carried out. In view of the fact 
that no serious complications have been reported in over 2000 pelvic arteriographies 
described in the literature, this statement is surprising. In all probability the explanation 
lies in the fact that the authors are not familiar with arteriographic examination methods, 
and that they confuse pelvic arteriography with abdominal aortography. The measure 
described for reducing the roentgen doses are fully up-to-date, but as such technical details 
are well known among modern radiologists this does not make the book more readable. 


I. Fernstrém 
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